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viewing a video includes: a first acquisition portion for
acquiring first frequency information relating to a display
frequency of frame images of the video; a second acquisition
portion for acquiring second frequency information relating
to an environmental factor which periodically varies in an
environment where the video is viewed; and a generator for
generating a reference signal to adapt the assistance operation
of the eyeglass device to display of the frame image and
periodic variation of the environmental factor on the basis of
the first frequency information and the second frequency
information.
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CONTROLLER, DISPLAY DEVICE,
EYEGLASS DEVICE AND VIDEO SYSTEM
FOR CONTROLLING AN EYEGLASS DEVICE
BASED ON AN ENVIRONMENTAL FACTOR

This application is a Rule 1.53(b) Continuation of Interna-
tional Application No. PCT/JP2011/000315 with the Interna-
tional Filing Date of Jan. 21, 2011.

TECHNICAL FIELD

The present invention is related to technologies for allow-
ing a viewer to view a video displayed by a display device
with an eyeglass device.

BACKGROUND ART

A video system which provides a stereoscopically perceiv-
able video image typically comprises a display device con-
figured to alternately switch the display between a left video
image created so as to be viewed by the left eye and a right
video image created so as to be viewed by the right eye; and
an eyeglass device, which assists in viewing the video to
allow a viewer to stereoscopically perceive the video dis-
played by the display device. The eyeglass device typically
comprises an optical shutter including a left shutter which
increases and decreases a transmission light amount to the left
eye and a right shutter which increases and decreases a trans-
mission light amount to the right eye. The optical shutter is
controlled so as to open and close in synchronism with
switching of the video image, so that the viewer views the left
video image with the left eye only and the right video image
with the right eye only. Therefore the viewer stereoscopically
perceives the video displayed by the display device.

Anillumination device such as a fluorescent lamp typically
blinks at a consistent frequency. According to Patent Docu-
ment 1, if the aforementioned video system is used in a
lighting environment in which the illumination device blinks
at a consistent frequency, mismatching between the lighting
frequency of the illumination device and the open/close con-
trol operation of the optical shutter in the eyeglass device
causes flicker. The technologies disclosed in Patent Docu-
ment 1 uses the blanking time period between frame images
of'a video displayed by the display device to adjust an open
time period of the optical shutter of the eyeglass device.

However, it is still insufficient to suppress the flicker by
means of the adjustment of the open time period of the optical
shutter according to the technologies disclosed in Patent
Document 1.

Patent Document 1: Japanese Patent Application Publication

No. H9-138384

SUMMARY OF THE INVENTION

It is an object of the present invention to provide technolo-
gies for controlling operation of an eyeglass device in
response to an environment where a video is viewed.

A controller for controlling an eyeglass device configured
to perform an assistance operation for assisting in stereo-
scopically viewing a video according to one aspect of the
present invention includes: a first acquisition portion config-
ured to acquire first frequency information relating to a dis-
play frequency of frame images of the video; a second acqui-
sition portion configured to acquire second frequency
information relating to an environmental factor which peri-
odically varies in an environment where the video is viewed;
and a generator configured to generate a reference signal for
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2

adapting the assistance operation of the eyeglass device to
display of the frame image and periodic variation of the
environmental factor based on the first frequency information
and the second frequency information.

A display device according to another aspect of the present
invention includes: a display portion configured to display a
video which is stereoscopically perceived; and a controller
configured to control an eyeglass device which performs an
assistance operation for assisting in viewing the video,
wherein the controller includes: a first acquisition portion
configured to acquire first frequency information relating to a
display frequency of frame images of the video; a second
acquisition portion configured to acquire second frequency
information relating to an environmental factor that periodi-
cally varies in an environment where the video is viewed; and
a generator configured to generate a reference signal for
adapting the assistance operation of the eyeglass device to
display of the frame image and periodic variation of the
environmental factor based on the first frequency information
and the second frequency information.

An eyeglass device configured to perform an assistance
operation for assisting in stereoscopically viewing a video
according to yet another aspect of the present invention has: a
receiver configured to receive a reference signal generated
based on first frequency information relating to a display
frequency of frame images of the video and second frequency
information relating to an environmental factor which peri-
odically varies in an environment where the video is viewed;
and an optical filter portion configured to perform the assis-
tance operation adapted to display of the frame image and
periodic variation of the environmental factor in response to
the reference signal.

A video system according to yet another aspect of the
present invention includes: a display device configured to
display a video which is stereoscopically perceived; and an
eyeglass device configured to perform an assistance operation
for assisting in viewing the video, wherein the display device
includes: a display portion configured to display the video;
and a controller configured to control the eyeglass device, the
controller includes: a first acquisition portion configured to
acquire first frequency information relating to a display fre-
quency of frame images of the video; a second acquisition
portion configured to acquire second frequency information
relating to an environmental factor which periodically varies
in an environment where the video is viewed; and a generator
configured to generate a reference signal for adapting the
assistance operation of the eyeglass device to display of the
frame image and periodic variation of the environmental fac-
tor based on the first frequency information and the second
frequency information; and the eyeglass device comprises: a
receiver configured to receive the reference signal; and an
optical filter portion configured to perform the assistance
operation adapted to the display of the frame image and the
periodic variation of the environmental factor in response to
the reference signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a video system according to
one embodiment.

FIG. 2 is a block diagram schematically showing a hard-
ware configuration of the video system depicted in FIG. 1.

FIG. 3 is a block diagram schematically showing a func-
tional configuration of a display device of the video system
depicted in FIG. 1.
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FIG. 4 is a block diagram schematically showing a func-
tional configuration of an eyeglass device of the video system
depicted in FIG. 1.

FIG. 5 is a timing chart schematically showing operational
synchronization between the display device and the eyeglass
device.

FIG. 6 is a graph schematically showing a relationship
between variation in transmission light amount permitted by
the optical shutter portion and blinking of a fluorescent lamp.

FIG. 7 is a graph showing variation in transmission light
amount permitted by the optical shutter portion, which oper-
ates in accordance with the first control methodologies for
reducing flicker.

FIG. 8 is a graph showing variation in transmission light
amount permitted by the optical shutter portion, which oper-
ates in accordance with the second control methodologies for
reducing flicker.

FIG. 9 is a graph showing variation in transmission light
amount permitted by the optical shutter portion, which oper-
ates in accordance with the third control methodologies for
reducing flicker.

FIG. 10 is a chart showing a format of a synchronization
signal transmitted by the transmitter and control information
included in the synchronization signal.

FIG. 11 is a chart showing a combination of a lighting
frequency of the fluorescent lamp and a frame rate of the
video image.

FIG. 12 is a timing chart schematically showing transmis-
sion of a synchronization signal including control informa-
tion.

FIG. 13 is a timing chart schematically showing simplified
transmission of a synchronization signal including control
information.

FIG. 14 is a chart showing a format of the synchronization
signal shown in FIG. 13 and control information included in
the synchronization signal.

FIG. 15 is a timing chart schematically showing a phase
difference between a synchronization period and a lighting
period.

FIG. 16 is a timing chart schematically showing brightness
control of the display portion 230 which is carried out in
parallel with the transmission of the synchronization signal
shown in FIG. 13.

FIG. 17 is a block diagram schematically showing a hard-
ware configuration of a video system according to the second
embodiment.

FIG. 18 is a block diagram schematically showing a func-
tional configuration of a display device in the video system
shown in FIG. 17.

FIG. 19 is a block diagram schematically showing a func-
tional configuration of an eyeglass device in the video system
shown in FIG. 17.

FIG. 20 is a timing chart schematically showing another
transmission pattern of a reference signal.

DESCRIPTION OF THE INVENTION

The controller, the display device, the eyeglass device and
the video system according to one embodiment are described
with reference to the accompanying drawings hereinafter.
Configurations, arrangements, shapes and alike shown in the
drawings and descriptions relating to the drawings are merely
intended to facilitate understanding of principles of the con-
troller, the display device, the eyeglass device and the video
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4

system, and do not limit in any way the principles of the
controller, the display device, the eyeglass device and the
video system.

First Embodiment
Configuration of Video System

FIG. 1 is a schematic view of a video system according to
the first embodiment. The video system is described with
reference to FIG. 1.

The video system 100 comprises a display device 200
which displays a video to be stereoscopically perceived, and
an eyeglass device 300 which performs an assistance opera-
tion for assisting in viewing the video displayed by the dis-
play device 200. If a viewer wears the eyeglass device 300 to
view the video displayed by the display device 200, the
viewer may stereoscopically perceive the video.

The display device 200 comprises a display panel 210
configured to display the video to be stereoscopically per-
ceived. The video displayed on the display panel 210 includes
a left frame image (referred as an L frame image hereinafter)
which is created so as to be viewed by the left eye, and a right
frame image (referred as an R frame image hereinafter) which
is created so as to be viewed by the right eye. The display
device 200 alternately displays the L and R frame images on
the display panel 210, for example, at a frequency of 120 Hz.
In the present embodiment, the display panel 210 is exempli-
fied as the display portion. Information relating to the display
frequency of the L and R frame images (in the present
embodiment, 120 Hz) is exemplified as the first frequency
information.

The eyeglass device 300 looks like eyeglasses for correct-
ing eyesight. The eyeglass device 300 comprises an optical
shutter portion 310 which performs the assistance operation
to assist in viewing the video so that the video displayed by
the display device 200 is stereoscopically perceived by the
viewer. The optical shutter portion 310 comprises a left shut-
ter 311 which is situated in front of the left eye of a viewer
wearing the eyeglass device 300, and a right shutter 312
which is situated in front of the viewer’s right eye. If the left
shutter 311 is opened, an incident light amount to the left eye
via the left shutter 311 increases. If the left shutter 311 is
closed, the incident light amount to the left eye via the left
shutter 311 decreases. If the right shutter 312 is opened, an
incident light amount to the right eye via the right shutter 312
increases. If the right shutter 312 is closed, the incident light
amount to the right eye via the right shutter 312 decreases. In
the description hereinafter, the incident light amount to the
viewer’s eyes via the optical shutter portion 310 is referred as
the “transmission light amount™. In the present embodiment,
the optical shutter portion 310 is exemplified as the optical
filter portion. The left shutter 311 is exemplified as the left
filter. The right shutter 312 is exemplified as the right filter.
Another optical element configured to adjust transmission
light amount may be used as the left and/or right filters. A
polarizing element which polarizes light transmitted to the
viewer’s left and right eyes (for example, a liquid crystal
filter) may be used as the left and/or right filters.

The display device 200 further comprises a controller (to
be described later), which controls the eyeglass device 300. In
the present embodiment, the controller is integrally incorpo-
rated into the display device 200. Alternatively, the controller
may be separately provided from a display element config-
ured to display a video and externally installed on the display
device.
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The controller synchronizes the aforementioned assistance
operation of the optical shutter portion 310 with display of the
L and R frame images on the display panel 210. The optical
shutter portion 310 increases the transmission light amount to
the left eye and decreases the transmission light amount to the
right eye during the display of the L frame image under the
control of the controller. On the other hand, the optical shutter
portion 310 decreases the transmission light amount to the
left eye and increases the transmission light amount to the
right eye during the display of the R frame image under the
control of the controller. As a result, the viewer may view the
L frame images with the left eye only and the R frame images
with the right eye only.

The L and R frame images represent different contents by
parallax amount. The viewer perceives pseudo-parallax on
the basis of the L. frame image which is viewed by the left eye
only and the R frame image which is viewed by the right eye
only. As a result, the viewer stereoscopically perceives the
video displayed by the display device 200. While the eyeglass
device 300 suitably performs the assistance operation under
the control of the controller, the viewer may perceive objects
depicted in the video as if they are protruded out from or
pulled into the display screen of the display panel 210.

FIG. 1 shows a video system 100 used in a space which is
illuminated by the fluorescent lamp 400. In the present
embodiment, the space illuminated by the fluorescent lamp
400 is exemplified as the environment where the video is
viewed. The fluorescent lamp 400 is exemplified as the illu-
mination light source.

The fluorescent lamp 400 periodically repeats blinking in
accordance with the AC frequency of the commercial power
supply, which is used as a power source to the fluorescent
lamp 400. In the present embodiment, the blinking of the
fluorescent lamp 400 is exemplified as the environmental
factor. The information relating to the blinking frequency of
the fluorescent lamp 400, which corresponds to the AC fre-
quency of the commercial power source, is exemplified as the
second frequency information.

A video signal is input to the display device 200. The
display device 200 processes the video signal to output a
stereoscopic video image (3D video) to the display panel 210.
The display device 200 further comprises a light emitter 213,
which is used as a transmitter configured to transmit a syn-
chronization signal in order to cause the eyeglass device 300
to perform the aforementioned assistance operation in syn-
chronism with the display of the video image. In the present
embodiment, the light emitter 213 emits infrared light. Alter-
natively, the transmitter may also output anther type of signal
for transmitting control information to the eyeglass device.
For example, the transmitter may transmit a radio signal
instead of an infrared signal.

In the present embodiment, the assistance operation of the
eyeglass device 300 is controlled and adapted to the blinking
of'the fluorescent lamp 400 as well as the display of the L. and
R frame images. The synchronization signal transmitted from
the light emitter 213 includes a reference signal used for
adapting the assistance operation of the eyeglass device 300
to the display of the I and R frame images and the blinking of
the fluorescent lamp 400. The synchronization signal also
includes a control signal used for causing the eyeglass device
300 to perform the assistance operation so that the viewer
perceives reduced brightness variation of the fluorescent
lamp 400. As described hereinafter, in the present embodi-
ment, the reference signal also serves as the control signal.

The eyeglass device 300 also comprises a light receiver
313, which is used as a receiver configured to receive the
aforementioned synchronism signal. The light receiver 313
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receives the infrared light output by the light emitter 213.
Alternatively, the receiver may be a receiving element which
receives another type of signal. For example, the receiver may
receive a radio signal instead of an infrared signal.

The optical shutter portion 310 performs the assistance
operation, which is adapted to the display of the L and R
frame images and the blinking of the fluorescent lamp 400, on
the basis of the reference signal and the control signal, which
are included in the synchronization signal. The left shutter
311 opens in synchronism with a start of an [. frame image
display and closes in synchronism with an end of the L frame
image display, so that the viewer’s left eye perceives a sub-
stantially consistent light amount from the fluorescent lamp
400. The right shutter 312 opens in synchronism with a start
of'an R frame image display and closes in synchronism with
an end of the R frame image display, so that the viewer’s right
eye perceives a substantially consistent light amount from the
fluorescent lamp 400. Accordingly variation in incident light
amount from the fluorescent lamp 400 to the left eye while
video image light from the L frame image is incident on the
left eye, and variation in incident light amount from the fluo-
rescent lamp 400 to the right eye while video image light from
the R frame image is incident on the right eye, are appropri-
ately reduced.

As a result of the aforementioned assistance operation of
the optical shutter portion 310, the viewer wearing the eye-
glass device 300 may stereoscopically perceive a video dis-
played by the display device 200 with little flicker caused by
blinking of the fluorescent lamp 400.

In the present embodiment, the display frequency of the L
and R frame images is 120 Hz. Alternatively, the display
frequency of the L and R frame images may be another value
suchas 96 Hz, 100 Hz or 144 Hz. The display frequency of the
L and R frame images is preferably determined in accordance
with a source of video image to be displayed.

As described above, in the present embodiment, the video
system 100 is used in a space which is illuminated by a
fluorescent lamp 400. The methodologies of the video system
100 according to the present embodiment described below
may also be used to moderate effects from other environmen-
tal factors which periodically change in an environment
where the video is viewed.

FIG. 2 is a block diagram schematically showing a hard-
ware configuration of the video system 100. The hardware
configuration of the video system 100 is described with ref-
erence to FIGS. 1 and 2.

The display device 200 comprises a decoding IC 211, a
video signal processing IC 212, a transmission control IC
214, a CPU 215, a memory 216, a clock 217, a power supply
processing circuit 218 and an optical sensor 219 in addition to
the display panel 210 and the light emitter 213, which are
described above.

An encoded video signal is input to the decoding IC 211.
The decoding IC 211 then decodes the input video signal to
output video data in a prescribed format. MPEG (Motion
Picture Experts Group)-2, MPEG-4 and H264 are exempli-
fied as video encoding methodologies.

The video signal processing IC 212 processes the video
signal in order to display the video data from the decoding IC
211 as a stereoscopic video image. In the present embodi-
ment, the video signal processing IC 212 detects left and right
video images from the video signal, which has been decoded
by the decoding IC 211. Thereupon, the video signal process-
ing IC 212 alternately arranges left and right video images in
a time series. Alternatively, the video signal processing IC
212 may automatically generate left and right video images
from the video signal output by the decoding IC 211. Further
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alternatively, the video signal processing IC 212 may carry
out other signal processes related to stereoscopic video image
display. The video signal processing IC 212 then generates an
output signal, which is adapted to a signal input format of the
display panel 210.

The video signal processing IC 212 may also carry out
other signal processes, in addition to the aforementioned
signal processes. For instance, the video signal processing IC
212 may adjust coloration of the video image displayed in
accordance with characteristics of the display panel 210. The
video signal processing IC 212 may interpolate images
between the video image frames generated by the decoding
IC 211 to increase the frame rate of the video image. The
video signal processing IC 212 carries out the aforemen-
tioned signal processes to acquire the first frequency infor-
mation relating to the display frequency ofthe [ and R frame
images. In the present embodiment, the video signal process-
ing IC 212 is exemplified as the first acquisition portion.

The transmission control IC 214 generates a synchroniza-
tion signal, which is synchronized with the left and right
video images generated by the video signal processing IC
212, and outputs the synchronization signal to the light emit-
ter 213 in response to a signal input from the power supply
processing circuit 218 and/or the optical sensor 219, which
are described below.

The CPU 215 controls various elements of the display
device 200 such as the decoding IC 211 and the video signal
processing IC 212, so that the CPU 215 controls the overall
operation of the display device 200. The CPU 215 executes
the aforementioned control, for example, in accordance with
a program recorded in the memory 216 and inputs from
external devices (not shown).

The memory 216 is used as a region for recording a pro-
gram, which is executed by the CPU 215, and temporal data,
which is generated during the execution of the program. A
volatile RAM (Random Access Memory) or non-volatile
ROM (Read Only Memory) is exemplified as the memory
216.

The clock 217 generates and supplies a clock signal to the
CPU 215 and other constituent elements. The clock signal is
used as an operational reference for various ICs and the other
constituent elements of the display device 200.

The display panel 210 includes a display surface which
displays a video signal output by the video signal processing
1C 212 as avideo image. For example, a CRT display, a liquid
crystal display, a PDP (plasma display panel), an organic
electroluminescence display or another device configured to
display video images may be used as the display panel 210.

The light emitter 213 transmits an infrared beam, which is
output as the synchronization signal, to the eyeglass device
300 under control of the transmission control IC 214.

The power supply processing circuit 218 generates a DC
current from the AC current, which is input from the com-
mercial power supply outside the display device 200. The
power supply processing circuit 218 may detect a frequency
of'the input AC voltage. The frequency ofthe AC voltage from
the commercial power supply is typically 50 Hz or 60 Hz.
Therefore in the present embodiment, the power supply pro-
cessing circuit 218 detects a frequency of 50 Hz or 60 Hz.
Alternatively, the power supply processing circuit 218 may
detect another frequency.

The optical sensor 219 detects a light condition in a space
where the video system 100 is situated. In the present embodi-
ment, the video system 100 is situated in the space which is
illuminated by the fluorescent lamp 400, so that the optical
sensor 219 detects a lighting frequency of the fluorescent
lamp 400.
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Typically, the lighting frequency of the fluorescent lamp
400 is greatly dependent on the frequency of the AC voltage
supplied to the fluorescent lamp 400. For example, if an AC
voltage of 50 Hz is supplied to the fluorescent lamp 400, the
fluorescent lamp 400 repeats blinking at a frequency of 100
Hz, as a result of the AC current regulation. If an AC voltage
of 60 Hz is supplied to the fluorescent lamp 400, the fluores-
cent lamp 400 repeats blinking at a frequency of 120 Hz, as a
result of the AC current regulation. The optical sensor 219
detects the lighting frequency of the fluorescent lamp 400
(100 Hz or 120 Hz). In the present embodiment, information
relating to the lighting frequency (blinking frequency) of the
fluorescent lamp 400 and/or the frequency of the AC voltage
of'the commercial power supply is exemplified as the second
frequency information. The optical sensor 219 and/or the
power supply processing circuit 218 are exemplified as the
second acquisition portion, which acquires the second fre-
quency information.

The information relating to the display frequency of the L
and R frame images acquired by the video signal processing
1C 212 is output to the transmission control IC 214. Informa-
tion relating to the frequency of the AC voltage acquired by
the power supply processing circuit 218 and/or information
relating to the lighting frequency of the fluorescent lamp 400
acquired by the optical sensor 219 are also output to the
transmission control IC 214. The transmission control IC 214
generates a synchronization signal including a reference sig-
nal and a control signal on the basis of information relating to
the display frequency, information relating to the frequency
of the AC voltage and/or information relating to the lighting
frequency of the fluorescent lamp 400. In the present embodi-
ment, the transmission control IC 214 is exemplified as the
generator. The video signal processing IC 212, the power
supply processing circuit 218, the optical sensor 219 and the
light emitter 213 are exemplified as the controller, which
controls the eyeglass device 300.

In the present embodiment, synchronization control
between the display device 200 and the eyeglass device 300 is
achieved by means of a synchronization signal as an infrared
beam. Alternatively, another type of transmission methodolo-
gies such as a wired signal, a wireless signal or an ultrasonic
signal may be used to achieve the synchronized control
between the display device and the eyeglass device.

The eyeglass device 300 comprises a CPU 315, a memory
316 and a clock 317, in addition to the optical shutter portion
310 and the light receiver 313, which are described above.

The CPU 315 controls overall operation of the eyeglass
device 300, for example, in accordance with a program
recorded in the memory 316 as well as the synchronization
signal from the display device 200. The CPU 315 analyzes the
synchronization signal received by the light receiver 313 to
control the optical shutter portion 310 on the basis of the
analysis results. In the present embodiment, the CPU 315 is
exemplified as the analyzer.

The memory 316 stores data for a program executed by the
CPU 315. The memory 316 is used as a region in which
temporal data is recorded while the CPU 315 executes a
program.

The clock 317 supplies a clock signal to various elements
of the eyeglass device 300. The clock signal is used as a
reference for operation of the various elements of the eyeglass
device 300. The clock signal may be divided or multiplied, as
appropriate.

The light receiver 313 is exemplified as the receiver, which
receives a synchronization signal transmitted by the light
emitter 213 of the display device 200. In the present embodi-
ment, the light receiver 313 receives an infrared signal. Alter-
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natively, if the display device transmits a wireless signal as the
synchronization signal, the receiver is provided with ele-
ments required to receive the wireless signal such as an
antenna or a tuner, instead of the light receiver 313. If a
suitable receiving element is used as the receiver in accor-
dance with a type of the synchronization signal for achieving
the synchronized control between the display device and the
eyeglass device, similar control to the synchronized control
between the display device 200 and the eyeglass device 300
described in the context of the present embodiment may be
achieved.

The optical shutter portion 310 comprises the left shutter
311 which is situated in front of the left eye of a viewer
wearing the eyeglass device 300, and the right shutter 312
which is situated in front of the viewer’s right eye. The left
and right shutters 311, 312 open and close, respectively, to
adjust the incident light to the left and right eyes. The optical
shutter portion 310 appropriately adjusts the incident light to
the left and right eyes under control of the CPU 315, which
results in desired optical effects on the viewer wearing the
eyeglass device 300.

The hardware configuration of the video system 100 shown
in FIG. 2 is no more than one example. For instance, instead
of various ICs, such as the decoding IC 211 and the video
signal processing IC 212, an integrated IC with functions of
these ICs may be used. Programmed processes executed by
the CPU 215 may be performed by elements, such as a PL.D
(Programmable Logic Device) or a DSP (Digital Signal Pro-
cessor). The various control procedures described in the con-
text of FIG. 2 may be achieved by software (a program), for
example which is executed by a CPU, rather than by hard-
ware.

In the present embodiment, the display device 200 com-
prises the light emitter 213. Alternatively, the transmission
control IC and the light emitter may be incorporated into a
controller which is separately provided from an element
which displays a video image. The controller may generate a
synchronization signal to output the synchronization signal to
the eyeglass device on the basis of input information (for
example, the aforementioned first and second frequency
information) from the display device, which displays video
images.

FIG. 3 is a block diagram schematically showing a func-
tional configuration of the display device 200. The display
device 200 is described with reference to FIGS. 1 to 3.

The display device 200 comprises a decoder 231, an [/R
signal separator 232, a stereoscopic signal processor 235, a
display portion 230, a first generator 236, a transmission
controller 234, a transmitter 233 and a detector 239.

An encoded video signal is input to the decoder 231. The
decoder 231 decodes the input video signal. The decoder 231
corresponds to the decoding IC 211 in the hardware configu-
ration described in the context of FIG. 2.

The L/R signal separator 232 generates or separates left
and right video signals from the video signal decoded by the
decoder 231. The L/R signal separator 232 generates or sepa-
rates the left and right video signals, so that the L/R signal
separator 232 acquires information relating to the display
frequency of the video image frames, and then outputs the
information to the first generator 236. In the present embodi-
ment, the [/R signal separator 232 is exemplified as the first
acquisition portion.

The stereoscopic signal processor 235 adjusts the left and
right video signals, which have been separated by the L/R
signal separator 232, for example, in accordance with char-
acteristics of the display portion 230. The stereoscopic signal
processor 235 may adjust a parallax amount between the L
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and R frame images, for example, in accordance with size of
the display surface of the display portion 230.

The first generator 236 generates a synchronization signal,
which is synchronized to the left and right video images
generated by the /R signal separator 232. The first generator
236 adjusts a type and generation timing of the synchroniza-
tion signal on the basis of the characteristics of the display
portion 230, information relating to the display frequency of
the video image frames output from the L/R signal separator
232 and information relating to the lighting frequency of the
fluorescent lamp 400 output from the detector 239. In the
present embodiment, the first generator 236 is exemplified as
the generator. The generation of the synchronization signal by
the first generator 236 is described below.

The L/R signal separator 232, the stereoscopic signal pro-
cessor 235 and the first generator 236 correspond to the video
signal processing IC 212 in the hardware configuration
described in the context of FIG. 2.

The display portion 230 displays the video signal pro-
cessed by the sterecoscopic signal processor 235 as a video
image. The display portion 230 corresponds to the display
panel 210, in the hardware configuration described in the
context of FIG. 2.

The transmission controller 234 adjusts data volume of'the
synchronization signal which is transmitted by the transmitter
233. Optionally, the transmission controller 234 controls a
transmission interval of the synchronization signal to make
the transmitter 233 intermittently transmit the synchroniza-
tion signals. The transmission controller 234 corresponds to
the transmission control IC 214, in the hardware configura-
tion described in the context of FIG. 2.

The transmitter 233 transmits the synchronization signal,
which has been generated by the first generator 236, to the
eyeglass device 300 under control of the transmission con-
troller 234. The transmitter 233 corresponds to the light emit-
ter 213 in the hardware configuration described in the context
of FIG. 2.

The detector 239 detects frequency information relating to
an environmental factor which periodically varies in an envi-
ronment where the display device 200 is situated. In the
present embodiment, the display device 200 is situated in the
space which is illuminated by the fluorescent lamp 400, so
that the detector 239 detects the lighting frequency of the
fluorescent lamp 400. The detector 239 corresponds to the
power supply processing circuit 218 and/or the optical sensor
219 in the hardware configuration described in the context of
FIG. 2. In the present embodiment, the detector 239 is exem-
plified as the second acquisition portion.

FIG. 4 is a block diagram schematically showing a func-
tional configuration of the eyeglass device 300. The eyeglass
device 300 is described with reference to FIGS. 1 to 4.

The eyeglass device 300 comprises a receiver 333, a signal
detector 334, an analyzer 335, a storage portion 336, a second
generator 337 and a shutter controller 338, in addition to the
aforementioned optical shutter portion 310.

The receiver 333 receives the synchronization signal,
which has been transmitted by the display device 200 using
the infrared beam. The receiver 333 generates an electrical
signal in response to the received infrared beam. The gener-
ated electrical signal is output to the signal detector 334
(described below). As described in the context of the hard-
ware configuration in FIG. 2, in the present embodiment, the
infrared signal is used as the synchronization signal. Alterna-
tively, a signal other than the infrared signal may be used as
the synchronization signal. For example, a radio signal may
be communicated between the display device and the eye-
glass device.
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As described above, the receiver 333 receives the infrared
signal (synchronization signal) and generates the electrical
signal (synchronization signal) in response to the infrared
signal. The signal detector 334 detects the synchronization
signal from the electrical signal output from the receiver 333.
For example, the signal detector 334 detects the electrical
signal with a particular signal waveform as the synchroniza-
tion signal.

The analyzer 335 analyzes the synchronization informa-
tion, such as a time interval for operating the optical shutter
portion 310 in response to the synchronization signal detected
by the signal detector 334. For example, the analyzer 335 may
acquire information relating to the opening/closing timings of
the left and right shutters 311, 312 by means of the analysis of
the synchronization information.

The signal detector 334 and the analyzer 335 correspond to
a part of the program executed by the CPU 315 in the hard-
ware configuration described in the context of FIG. 2.

The storage portion 336 stores and saves control informa-
tion relating to operation of the optical shutter portion 310,
which has been analyzed by the analyzer 335 in response to
the synchronization signal. The storage portion 336 corre-
sponds to the memory 316 in the hardware configuration
described in the context of FIG. 2. In the hardware configu-
ration described in the context of FIG. 2, the CPU 315 stores
control information relating to the operation of the optical
shutter portion 310 in the memory 316.

The second generator 337 generates an internal signal for
controlling the operation of the optical shutter portion 310 on
the basis of the synchronization information recorded in the
storage portion 336. Alternatively, the second generator 337
generates an internal signal for controlling the operation of
the optical shutter portion 310 on the basis of synchronization
information (for example, the time interval for operating the
optical shutter portion 310) analyzed by the analyzer 335. The
second generator 337 corresponds to the CPU 315 and the
clock 317 in the hardware configuration described in the
context of FIG. 2.

The shutter controller 338 controls the operation of the left
and right shutters 311, 312 in response to the internal signal
generated by the second generator 337. According to the
specific control executed by the shutter controller 338, which
is described below, the shutter controller 338 adjusts timings,
at which the left shutter 311 opens and/or 311 closes, so that
decreased variation in illumination light amount from the
fluorescent lamp 400 is transmitted to the left eye. The shutter
controller 338 adjusts timings, at which the right shutter 312
opens and/or closes, so that decreased variation in illumina-
tion light amount of the fluorescent lamp 400 is transmitted to
the right eye. According to another control executed by the
shutter controller 338, the shutter controller 338 adjusts a
transmittance of the left shutter 311 while the left shutter 311
is open, so that decreased variation in illumination light
amount from the fluorescent lamp 400 is transmitted to the
left eye. The shutter controller 338 adjusts a transmittance of
the right shutter 312 while the right shutter 312 is open, so that
decreased variation in illumination light amount of the fluo-
rescent lamp 400 is transmitted to the right eye. According to
yet another control executed by the shutter controller 338, the
shutter controller 338 adjusts a response speed of the left
shutter 311, so that decreased variation in illumination light
amount from the fluorescent lamp 400 is transmitted to the
left eye. The shutter controller 338 adjusts aresponse speed of
the right shutter 312, so that decreased variation in illumina-
tion light amount of the fluorescent lamp 400 is transmitted to
the right eye. The shutter controller 338 corresponds to a
control program for the optical shutter portion 310, which is
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executed by the CPU 315 in the hardware configuration
described in the context of FIG. 2. Alternatively, the shutter
controller 338 may correspond to a driver (not shown) for
driving the optical shutter portion 310.

The optical shutter portion 310 comprises the left shutter
311 in front of the left eye of a viewer wearing the eyeglass
device 300, and a right shutter 312 in front of the viewer’s
right eye. In the present embodiment, the optical shutter por-
tion 310 is exemplified as the optical filter portion. Another
optical element may be used as the optical filter portion. For
example, an optical element configured to adjust transmission
light amount or transmitted light polarization may be suitably
used as the optical filter portion. The optical element used for
the optical filter portion may comprise, for example, a liquid
crystal element. The liquid crystal element is controlled in
order to adjust the transmission light amount.

In the present embodiment, the display portion 230 of the
display device 200 alternately switches display between L
and R frame images. Correspondingly, the left and right shut-
ters 311, 312 alternately increase and decrease the transmis-
sion light amount. The optical filter portion may change
deflection directions of light toward the left and right eyes
instead of the aforementioned shutter operation. An optical
element configured to adjust the transmitted light in synchro-
nism with the switching of the video images displayed by the
display device is suitably used as the optical filter portion.

The methodologies of the present embodiment are
described here by means of a functional configuration which
is shown in FIGS. 3 and 4, but the methodologies of the
present embodiment are not limited to the functional configu-
ration in FIGS. 3 and 4. In the present embodiment, the
transmitter 233 and the display portion 230 are incorporated
into one display device 200. Alternatively, the controller
which transmits the synchronization signal for controlling the
eyeglass device 300 may be separately provided from the
display device comprising the display element which dis-
plays the video images.

The correspondence between the hardware and functional
configurations described in the context of FIGS. 2 to 4 is no
more than one example for clarifying the principles of the
present embodiment. Therefore, the principles of the present
embodiment are not limited to the correspondence between
the hardware and functional configurations described in the
context of FIGS. 2 to 4. Consequently, the controller, the
display device, the eyeglass device and the video system may
also have other hardware and functional configurations.
<Synchronization between Display Device and Eyeglass
Device>

FIG. 5 is atiming chart schematically showing operational
synchronization between the display device 200 and the eye-
glass device 300. The synchronized control between the dis-
play device 200 and the eyeglass device 300 is described with
reference to FIG. 1 and FIGS. 3 to 5. In order to clarify the
synchronized control methodologies between the display
device 200 and the eyeglass device 300, the synchronized
control shown in FIG. 5 does not take account of blinking of
the fluorescent lamp 400. Synchronized control which takes
account of the blinking of the fluorescent lamp 400 is
described further later.

Section (A) in FI1G. 5 shows a frame image displayed by the
display portion 230. As show in section (A) in FIG. 5, the
display portion 230 alternately displays . and R frame
images. In the present embodiment, the display portion 230
switches the L. and R frame images at a frequency of 120 Hz.
Therefore, the I and R frame images are displayed at a
display frequency of 60 Hz, respectively.
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Section (B) in FIG. 5 is a timing chart, which shows a
synchronization signal generated by the first generator 236 of
the display device 200. As described above, the synchroniza-
tion signal is transmitted to the eyeglass device 300 by the
transmitter 233. The synchronization signal includes pulse
signals LO, LC, RO, RC. The pulse signal L.O includes first
command information for increasing a transmission light
amount to the viewer’s left eye. The pulse signal LC includes
second command information for decreasing the transmis-
sion light amount to the viewer’s left eye. The pulse signal RO
includes third command information for increasing a trans-
mission light mount to the viewer’s right eye. The pulse signal
RC includes fourth command information for decreasing the
transmission light amount to the viewer’s right eye. In the
present embodiment, the pulse signals LO, LC, RO, RC are
exemplified as control signals for causing the eyeglass device
300 to perform the assistance operation, respectively.

The transmitter 233 transmits the pulse signal LO in syn-
chronization with a start of the L frame image display to open
the left shutter 311 in synchronization with the start of the L
frame image display, so that the transmission light amount to
the viewer’s left eye increases. The transmitter 233 then trans-
mits the pulse signal L.C in synchronization with the end of
the L frame image display to close the left shutter 311 in
synchronization with the end of the L. frame image display, so
that the transmission light amount to the viewer’s left eye
decreases. The transmitter 233 then transmits the pulse signal
RO in synchronization with the start of the R frame image
display to open the right shutter 312 in synchronization with
the start of the R frame image display, so that the transmission
light amount to the viewer’s right eye increases. The trans-
mitter 233 then transmits the pulse signal RC in synchroni-
zation with the end of the R frame image display to close the
right shutter 312 in synchronization with the end of the R
frame image display, so that the transmission light amount to
the viewer’s right eye decreases.

Section (C) in FIG. 5 is a timing chart which shows an
internal signal generated by the second generator 337 of the
eyeglass device 300. As described above, the second genera-
tor 337 generates the internal signal in response to the syn-
chronization signal received by the receiver 333.

The second generator 337 generates a pulse signal ILO in
response to the pulse signal LO. The shutter controller 338
controls the optical shutter portion 310 so that the left shutter
311 opens in response to the pulse signal ILO. The second
generator 337 generates a pulse signal ILC in response to the
pulse signal LC. The shutter controller 338 controls the opti-
cal shutter portion 310 so that the left shutter 311 closes in
response to the pulse signal ILC. The second generator 337
generates a pulse signal IRO in response to the pulse signal
RO. The shutter controller 338 controls the optical shutter
portion 310 so that the right shutter 312 opens in response to
the pulse signal IRO. The second generator 337 generates a
pulse signal IRC in response to the pulse signal RC. The
shutter controller 338 controls the optical shutter portion 310
so that the right shutter 312 closes in response to the pulse
signal IRC.

Section (D) in FIG. 5 is a timing chart showing variation in
transmission light amount to the left eye. Section (E) in FIG.
5 is a timing chart showing variation in transmission light
amount to the right eye. As described above, the variation in
transmission light amount is caused by the opening/closing
operation of the left and right shutters 311, 312.

As described above, the pulse signal LO is transmitted in
synchronization with the start of the L frame image display.
The pulse signal ILO, which is used for the control to open the
left shutter 311, is generated in response to the pulse signal
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LO. Consequently, the left shutter 311 opens in synchroniza-
tion with the start of the L. frame image display, so that the
transmission light amount to the left eye starts to increase in
synchronization with the start of the L. frame image display.

As described above, the pulse signal LC is transmitted in
synchronization with the end of the I frame image display.
The pulse signal ILC, which is used for the control to close the
left shutter 311, is generated in response to the pulse signal
LC, so that the left shutter 311 closes in synchronization with
the end of the L. frame image display. Accordingly, the trans-
mission light amount to the left eye starts to decrease in
synchronization with the end of the L frame image display.

As described above, the pulse signal RO is transmitted in
synchronization with the start of the R frame image display.
The pulse signal IRO, which is used for the control to open the
right shutter 312, is generated in response to the pulse signal
RO. Consequently, the right shutter 312 opens in synchroni-
zation with the start of the R frame image display, so that the
transmission light amount to the right eye starts to increase in
synchronization with the start of the R frame image display.

As described above, the pulse signal RC is transmitted in
synchronization with the end of the R frame image display.
The pulse signal IRC, which is used for the control to close the
right shutter 312, is generated in response to the pulse signal
RC. Consequently, the right shutter 312 closes in synchroni-
zation with the end of the R frame image display, so that the
transmission light amount to the right eye starts to decrease in
synchronization with the end of the R frame image display.

The optical shutter portion 310 of the eyeglass device 300
is subjected to the control in response to the synchronization
signal generated by the first generator 236 of the display
device 200, so that the left and right shutters 311, 312 open
and close, respectively, in synchronization with the . and R
frame image display.
<Principles of Flicker>

FIG. 6 is a graph schematically showing a relationship
between the variation in transmission light amount permitted
by the optical shutter portion 310 and the blinking of the
fluorescent lamp 400. In the graph in FIG. 6, the dotted line
indicates the variation in transmission light amount permitted
by the optical shutter portion 310. The solid line indicates the
brightness variation of the fluorescent lamp 400. As shown in
FIG. 6, the left and right shutters 311, 312 open and close
alternately so that the transmission light amount to the left and
right eyes alternately increases. The horizontal axis of the
graph in FIG. 6 is a time axis. The vertical axis of the graph in
FIG. 6 indicates the transmission light amount permitted by
the optical shutter portion 310 and the brightness of the fluo-
rescent lamp 400. The optical shutter portion 310 operates in
response to the synchronized control described in the context
of FIG. 5. It should be noted that blinking of the fluorescent
lamp 400 is not taken into account in the synchronized con-
trol. The principles behind occurrence of flickering are
described with reference to FIGS. 1, 3, 5 and 6.

FIG. 6 shows brightness variation of the fluorescent lamp
400 to which an AC voltage at 50 Hz is supplied. The fluo-
rescent lamp 400 regulates the 50 Hz AC current and inverts
the portion of the voltage having opposite amplitude. Conse-
quently, the fluorescent lamp 400 flickers ata frequency twice
as high as the AC voltage frequency (in other words, 100 Hz).

The display portion 230 of the display device 200 displays
L and R frame images at a display frequency of 60 Hz,
respectively. In other words, the display portion 230 switches
alternately the [ and R frame images at a frequency of 120
Hz. The left and right shutters 311, 312 of the optical shutter
portion 310 of the eyeglass device 300 open and close in
synchronism with the synchronization signal sent from the
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display device 200 to vary the light transmission amount
through the optical shutter portion 310 at a frequency of 120
Hz, as shown by the dotted line in FIG. 6.

Under the aforementioned conditions, the frequency of the
brightness variation of the fluorescent lamp 400 is different
from the opening and closing frequency of the left and right
shutters 311, 312 of the optical shutter portion 310. In FIG. 6,
the overlapping region (hatched region) between the regions
surrounded by the solid and dotted lines indicates a light
amount from the fluorescent lamp 400, which is transmitted
through the optical shutter portion 310 of the eyeglass device
300. The light amount from the fluorescent lamp 400 trans-
mitted through the optical shutter portion 310 depends on a
relationship between the opening/closing timings of the left
and right shutters 311, 312 of the optical shutter portion 310
and the blinking period of the fluorescent lamp 400. There-
fore the light amount from the fluorescent lamp 400 varies
each video frame. As a result of increase and decrease in
transmission light amount, which is indicated by the hatched
region in FIG. 6, the viewer may potentially perceive bright-
ening and darkening of the viewing environment and the
video images. Such phenomena are known as flicker, which is
one of causes that worsen qualities in viewed video images.

The synchronization signal generated by the display device
200 is controlled, frame by frame, according to the following
control methodologies to moderate the aforementioned
flicker phenomena.
<Moderation of Flicker: First Control Methodologies>

FIG. 7 is a graph showing variation in the transmission
light amount permitted by the optical shutter portion 310
which operates under the control for moderating the afore-
mentioned flicker. The first control methodologies to moder-
ate the flicker are described with reference to FIGS. 1,3, 6 and
7.

The first generator 236 of the display device 200 generates
a synchronization signal including a reference signal for
adapting the assistance operation of the eyeglass device 300
to the display of the I and R frame images and the blinking of
the fluorescent lamp 400 on the basis of the frame rate of the
L and R frame images displayed by the display portion 230
and the lighting frequency of'the fluorescent lamp 400, which
is input from the detector 239. The reference signal is
described below.

The transmission timings of the pulse signal for opening
the left shutter 311, the pulse signal for closing the left shutter
311, the pulse signal for opening the right shutter 312 and the
pulse signal for closing the right shutter 312 are adjusted
according to the first control methodologies shown in FIG. 7,
so that the opening and closing timings of the left and right
shutters 311, 312 are advanced or delayed. Alternatively, the
opening and closing time periods of the left and right shutters
311, 312 may be shifted together. The opening and closing
timings of the optical shutter portion 310 are adjusted to
appropriately moderate the aforementioned flicker.

With comparing FIG. 7 to FIG. 6, the initial open time
period of the right shutter 312, the second open time period of
the left shutter 311, the second open time period of the right
shutter 312 and the third open time period of the left shutter
311 are set to be longer, respectively, in accordance with the
first control methodologies shown in FIG. 7. The open and
close time periods of the left and right shutters 311,312 of the
optical shutter portion 310 are adjusted, respectively, each
frame of the video image shown by the display portion 230 of
the display device 200, so that a substantially consistent light
amount from the fluorescent lamp 400 is transmitted through
the optical shutter portion 310. Since the light amount from
the fluorescent lamp 400, which is incident on the viewer’s
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eyes, becomes substantially consistent, the flicker phenom-
ena (the phenomena making a viewer perceive periodic blink-
ing) are moderated.

In the graph in FIG. 7, the dotted line indicates variation in
the transmission light amount permitted by the optical shutter
portion 310. The solid line indicates brightness variation of
the fluorescent lamp 400. The overlapping region (hatched
region) between the regions surrounded by the dotted and
solid lines indicates the light amount from the fluorescent
lamp 400, which is incident on the viewer’s eyes. If the open
time periods of the left and right shutters 311, 312 are
adjusted so that areas of hatched regions become equivalent,
it becomes less likely that the viewer perceives the flicker.
According to the first control methodologies, the transmis-
sion timings of the pulse signal for opening the left shutter
311, the pulse signal for closing the left shutter 311, the pulse
signal for opening the right shutter 312 and the pulse signal
for closing the right shutter 312 are controlled so that the
variation in light amount from the fluorescent lamp 400,
which is transmitted through the optical shutter portion 310,
falls within a prescribed range.

The first generator 236 of the display device 200 deter-
mines the transmission timings of the pulse signal for opening
the left shutter 311, the pulse signal for closing the left shutter
311, the pulse signal for opening the right shutter 312 and the
pulse signal for closing the right shutter 312 on the basis of the
frame rate of the displayed video image and the period of
blinking of'the fluorescent lamp 400. In the following control
methodologies, one of the pulse signal for opening the left
shutter 311, the pulse signal for closing the left shutter 311,
the pulse signal for opening the right shutter 312, and the
pulse signal for closing the right shutter 312, is used as a
reference signal for adapting the assistance operation of the
optical shutter portion 310 to the frame images displayed on
the display portion 230 and the blinking of the fluorescent
lamp 400. The transmitter 233 transmits a synchronization
signal including these pulse signals to the eyeglass device
300. The eyeglass device 300 causes the optical shutter por-
tion 310 to perform the assistance operation on the basis of the
information relating to the frame rate of the video image and
the information relating to synchronization with the blinking
of the fluorescent lamp 400, which are included in the pulse
signals of the synchronization signal from the display device
200. Therefore, it becomes less likely that the viewer per-
ceives the flicker even if the viewer watches a stereoscopic
image under the fluorescent lamp 400 which repeats periodic
blinking actions.

According to the first control methodologies described in
the context of FIG. 7, longer open time periods are set for the
motion of the left and right shutters 311, 312 than the open
time periods of the left and right shutters 311, 312 shown in
FIG. 6. Alternatively, the left and right shutters 311, 312 are
controlled so as to open for a shorter time than the open time
periods of the left and right shutters 311,312 shown in FIG. 6,
which may result in consistent light amounts from the fluo-
rescent lamp 400 to the viewer’s eyes.
<Moderation of Flicker: Second Control Methodologies>

FIG. 8 is a graph showing variation in the transmission
light amount permitted by the optical shutter portion 310
which operates under the control for moderating the afore-
mentioned flicker. The second control methodologies for
moderating the flicker are described with reference to FIGS.
1,3,6and 8.

According to the second control methodologies shown in
FIG. 8, the left and right shutters 311, 312 of the optical
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shutter portion 310 are open as long as the open time period
shown in FIG. 6. However, the transmittance of the optical
shutter portion 310 is varied.

With comparing FIG. 8 to FIG. 6, the transmittance of the
right shutter 312 during the initial open time period of the
right shutter 312, the transmittance of the left shutter 311
during the second open time period of the left shutter 311, the
transmittance of the right shutter 312 during the second open
time period of the right shutter 312 and the transmittance of
the left shutter 311 during the third open time period of the left
shutter 311 are increased, respectively, in accordance with the
second control methodologies shown in FIG. 8. The transmit-
tances of the left and right shutters 311, 312 are adjusted
whenever the optical shutter portion 310 is opened or closed,
so that a substantially consistent light amount from the fluo-
rescent lamp 400 is transmitted through the optical shutter
portion 310.

The first generator 236 of the display device 200 calculates
a suitable transmittance of the left and right shutters 311, 312
for each frame on the basis of the frame rate of the displayed
video image and the blinking frequency of the fluorescent
lamp 400. When the first generator 236 generates the pulse
signal for opening the left shutter 311, the pulse signal for
closing the left shutter 311, the pulse signal for opening the
right shutter 312 and the pulse signal for closing the right
shutter 312, the first generator 236 sets information relating to
the calculated transmittances in these pulse signals. In the
following control methodologies, one of the pulse signal for
opening the left shutter 311, the pulse signal for closing the
left shutter 311, the pulse signal for opening the right shutter
312 and the pulse signal for closing the right shutter 312 is
used as a reference signal for adapting the assistance opera-
tion of the optical shutter portion 310 to the frame images
displayed on the display portion 230 and the blinking of the
fluorescent lamp 400. The transmitter 233 transmits a syn-
chronization signal including these pulse signals to the eye-
glass device 300. The eyeglass device 300 causes the optical
shutter portion 310 to perform the assistance operation on the
basis of the information relating to the frame rate of the video
image and the information relating to the transmittance,
which are included in the pulse signals of the synchronization
signal from the display device 200. Therefore, the left and
right shutters 311, 312 are controlled so that a substantially
consistent light amount of the fluorescent lamp 400 is trans-
mitted through the optical shutter portion 310 (so that varia-
tion in light amount falls within a prescribed range). Thus it
becomes less likely that a viewer watching the stereoscopic
image perceives the flicker.

According to the second control methodologies shown in
FIG. 8, the transmittances of the left and right shutters 311,
312 of the optical shutter portion 310 are set to be greater than
the transmittances shown in FIG. 6. Alternatively, the trans-
mittances of the left and right shutters 311, 312 of the optical
shutter portion 310 may be reduced so that a substantially
consistent light amount from the fluorescent lamp 400 is
transmitted through the left and right shutters 311, 312. The
flicker may be similarly moderated by the reduction in trans-
mittance.
<Moderation of Flicker: Third Control Methodologies>

FIG. 9 is a graph showing variation in transmission light
amount permitted by the optical shutter portion 310 which
operates under the control for moderating the aforementioned
flicker. The third control methodologies for moderating the
flicker are described with reference to FIGS. 1, 3, 6 and 9.

According to the third control methodologies shown in
FIG. 9, the left and right shutters 311, 312 of the optical
shutter portion 310 are opened as long as the open time
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periods shown in FIG. 6. However, the optical shutter portion
310 is controlled so that the response speed (transmittance/
time) of the optical shutter portion 310 is adjusted whenever
the left and right shutters 311, 312 is operated to open/close.

With comparing FIG. 9 to FIG. 6, the response speed of the
right shutter 312 during the initial open time of the right
shutter 312, the response speed of the left shutter 311 during
the second open time of the left shutter 311, the response
speed of the right shutter 312 during the second open time of
the right shutter 312 and the response speed of the left shutter
311 during the third open time of the left shutter 311 are
increased, respectively, in accordance with the third control
methodologies shown in FIG. 9. As a result of the increase in
response speed, the optical shutter portion 310 is open at a
high transmittance for a longer time, so that an increased light
amount from the fluorescent lamp 400 is transmitted through
the optical shutter portion 310. Therefore, a substantially
consistent light amount from the fluorescent lamp 400 is
incident on the eyes of the viewer watching the video image.

The first generator 236 of the display device 200 deter-
mines a suitable response speed of the left and right shutters
311, 312 for each frame on the basis of the frame rate of the
displayed video image and the blinking frequency of the
fluorescent lamp 400. When the first generator 236 generates
the pulse signal for opening the left shutter 311, the pulse
signal for closing the left shutter 311, the pulse signal for
opening the right shutter 312 and the pulse signal for closing
the right shutter 312, the first generator 236 sets the informa-
tion relating to the determined response speeds in these pulse
signals. In the following control methodologies, one of the
pulse signal for opening the left shutter 311, the pulse signal
for closing the left shutter 311, the pulse signal for opening
the right shutter 312 and the pulse signal for closing the right
shutter 312 is used as the reference signal for adapting the
assistance operation of the optical shutter portion 310 to the
frame images displayed on the display portion 230 and the
blinking of the fluorescent lamp 400. The transmitter 233
transmits a synchronization signal including these pulse sig-
nals to the eyeglass device 300. The eyeglass device 300
causes the optical shutter portion 310 to perform the assis-
tance operation on the basis of the information relating to the
frame rate of the video image and the information relating to
the response speed, which are included in the pulse signal of
the synchronization signal from the display device 200.
Therefore, the left and right shutters 311, 312 are controlled
so that a substantially consistent light amount from the fluo-
rescent lamp 400 is transmitted through the optical shutter
portion 310 (so that the variation in light amount falls within
aprescribed range). Accordingly, it becomes less likely that a
viewer watching the stereoscopic image perceives the flicker.

According to the third control methodologies shown in
FIG. 9, the response speeds of the left and right shutters 311,
312 of the optical shutter portion 310 are set to be greater than
the response speeds shown in FIG. 6. Alternatively, the
response speeds of the left and right shutters 311, 312 of the
optical shutter portion 310 may be reduced so that a substan-
tially consistent light amount from the fluorescent lamp 400 is
transmitted through the left and right shutters 311, 312. The
flicker may be similarly moderated by the reduction in
response speed.

As described above, the opening and closing timings of the
left and right shutters 311, 312 of the optical shutter portion
310 (first control methodologies), the transmittance of the
optical shutter portion 310 (second control methodologies),
and the response speed of the optical shutter portion 310
(third control methodologies) are adjusted, respectively, to
make the transmission light amount from the fluorescent
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lamp 400 substantially consistent. Alternatively, the first to
third control methodologies may be combined together, so as
to achieve a consistent transmission light amount from the
fluorescent lamp 400.

According to the first, second and/or third control method-
ologies, the first generator 236 of the display device 200
generates a synchronization signal including control informa-
tion such as the open time period of the optical shutter portion
310, the transmittance of the optical shutter portion 310 and/
or the response speed of the optical shutter portion 310, and
then the transmitter 233 sends the synchronization signal to
the eyeglass device 300.
<Synchronization Signal>

FIG. 10 shows a format of a synchronization signal trans-
mitted by the transmitter 233 and control information
included in the synchronization signal. The synchronization
signal is described with reference to F1G. 1, FIGS. 3 to 5, and
FIGS. 7 to 10.

Section (A) in FIG. 10 shows a data format ofa pulse signal
included in the synchronization signal transmitted by the
transmitter 233. Section (B) in FIG. 10 is a chart showing the
data format shown in section (A) in details.

The pulse signal data include a start bit, a timing flag, a
shutter open/close flag, a left/right shutter flag, transmittance
information, response speed information, shutter open time
information, and a parity bit.

The start bit is used to identify the start of the data. The
receiver 333 and the signal detector 334 of the eyeglass device
300 identify the start bit to detect reception of a pulse signal
of the synchronization signal.

The timing flag is used to manage the opening and closing
timings of the optical shutter portion 310 every a prescribed
number of video frames. The management of the opening and
closing timings of the optical shutter portion 310 by means of
the timing flag is described hereinafter.

The shutter open/close flag is used to identify whether the
pulse signal of the synchronization signal indicates “open the
optical shutter portion 310 (increase a transmission light
amount)” or “close the optical shutter portion 310 (decrease a
transmission light amount)”.

The left/right shutter flag is used to identify which is the
control target, the left or right shutter 311, 312 of the optical
shutter portion 310. On the basis of the shutter open/close flag
and the left/right shutter flag, the pulse signals LO, LC, RO
and RC described in the context of section (B) in FIG. 5, for
example, are suitably identified.

The transmittance information indicates the transmittance
according to the second control methodologies, which are
described in the context of FIG. 8. The transmittance infor-
mation is set for each opening and closing operation of the
optical shutter portion 310. In the present embodiment, trans-
mittance (transmission rate) may be set to a value of 25%,
50%, 75% and 100%. Alternatively, the transmittance may be
set to another value. The transmittance may be set to a greater
or smaller number of values. A more variety of values, to
which the transmittance is set, means that a more consistent
light amount from the fluorescent lamp is transmitted through
the optical shutter portion 310.

The response speed information indicates the response
speed according to the third control methodologies which are
described in the context of FIG. 9. The response speed infor-
mation is set for each opening and closing operation of the
optical shutter portion 310. In the present embodiment, the
response speed may be set to three options: “fast”, “standard”
and “slow”. Alternatively, more or less than three options may
be provided for the response speed. A more various options
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for the response speed means that a more consistent light
amount from the fluorescent lamp is transmitted through the
optical shutter portion 310.

The shutter open time information is set to correspond to
the open time periods of the left and right shutters 311, 312 in
the optical shutter portion 310, respectively. In order to set the
open time periods of the optical shutter portion 310, as shown
in FIG. 10, the shutter open time information may be logically
included in the pulse signal of the synchronization signal.
Alternatively, as described in the context of FIG. 5, the open
time period of the optical shutter portion 310 may be deter-
mined by the transmission timings of the pulse signals LO,
LC, RO and RC (in other words, the timings at which the
pulse signals LO, LC, RO and RC are actually received by the
eyeglass device 300). According to the data format shown in
FIG. 10, “short”, “standard” and “long” are prepared as
parameters for the open time period of the optical shutter
portion 310. Alternatively, a greater or smaller number of
parameters may be prepared. A more variety of parameters
means that a more consistent light amount from the fluores-
cent lamp is transmitted through the optical shutter portion
310.

The parity bit is used to confirm consistency of the bit data
from the start bit to the shutter open time information. For
example, a number of valid bits from the start bit to the parity
bit (the number of bits set to “1”’) may be set to an odd or even
number. The parity bit is used to adjust the number of valid
bits.

The first generator 236 of the display device 200 deter-
mines information relating to control conditions for the open-
ing and closing time periods, transmittance and/or response
speed, for each opening and closing operation of the left and
right shutters 311, 312 of the optical shutter portion 310. The
first generator 236 generates a synchronization signal with
the pulse signals which include the determined control infor-
mation. The transmitter 233 transmits the generated synchro-
nization signal to the eyeglass device 300. The eyeglass
device 300 receives the synchronization signal transmitted by
the display device 200. The optical shutter portion 310 is
controlled in accordance with the control information
included in the pulse signals of the synchronization signal.
Accordingly it becomes less likely that the viewer perceives
the flicker. Thus the viewer may comfortably watch the video
image.

In the present embodiment, the shutter open time, trans-
mittance and response speed are exemplified as the control
parameters for the optical shutter portion 310. Alternatively,
other control parameters relating to the operation of the opti-
cal shutter portion 310 of the eyeglass device 300 may be used
to achieve a consistent transmission light amount from the
fluorescent lamp 400.
<Combination of Lighting Period of Fluorescent Lamp with
Frame Rate of Video Image>

As described above, the first generator 236 of the display
device 200 generates a synchronization signal with pulse
signals which define control conditions for the optical shutter
portion 310 of the eyeglass device 300 on the basis of the
lighting period of the fluorescent lamp 400 and the frame rate
of'the video image. The blinking frequency of the fluorescent
lamp 400 is dependent on the frequency of the AC voltage
supplied to the fluorescent lamp 400. The frequency of the AC
voltage applied to the fluorescent lamp 400 is typically 50 Hz
or 60 Hz. As aresult of the fluorescent lamp 400 regulating the
AC current, the fluorescent lamp 400 blinks at a frequency
(100 Hz or 120 Hz) which is twice as high as the frequency of
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the AC voltage. Generally, several different frame rates are set
in advance for the video displayed by the display portion 230
of the display device 200.

FIG. 11 shows a combination of the lighting frequency of
the fluorescent lamp 400 with the frame rate of the video
image. The combination of the lighting frequency of the
fluorescent lamp 400 with the frame rate of the video image is
described with reference to FIGS. 1, 3, 4, 6 and 11.

As shown in FIG. 11, the combination of the lighting
frequency of the fluorescent lamp 400 with the frame rate of
the video image is limited to several patterns. In FIG. 11, the
lighting frequency of fluorescent lamp 400 is one value 0 100
Hz or 120 Hz. The video frame rate (the combined frame rate
of the left and right video images) is 96 Hz, 100 Hz, 120 Hz
or 144 Hz.

The leftmost column in the table in FIG. 11, which indi-
cates a relationship between the lighting frequency of the
fluorescent lamp 400 and the video frame rate, shows the
lighting frequency of the fluorescent lamp 400. The right
column with respect to the column showing the lighting fre-
quency of the fluorescent lamp 400 indicates the video frame
rate. The column labeled “combined period” in the table in
FIG. 11 indicates patterns where the lighting period of the
fluorescent lamp 400 matches with the display period of the
video.

If the lighting frequency of the fluorescent lamp 400 is 100
Hz and the video frame rate is 100 Hz, the lighting frequency
of'the fluorescent lamp 400 is equal to the video frame rate, so
that one blinking cycle of the fluorescent lamp 400 is syn-
chronized with one cycle of the video image display every 20
ms period. One blinking cycle of the fluorescent lamp 400
indicates a time period from when the fluorescent lamp 400
lights up to when the fluorescent lamp 400 is darkened. One
cycle of the video display means a time period during which
a set of one L frame image and one R frame image is dis-
played. Consequently, if the lighting frequency of the fluo-
rescent lamp 400 is 100 Hz and the video frame rate is 100 Hz,
the time period corresponding to two blinking cycles of the
fluorescent lamp 400 and the time period corresponding to
one cycle of the video display becomes “20 ms”, respectively,
which means that the time period corresponding to two blink-
ing cycles of the fluorescent lamp 400 and the time period
corresponding to one cycle of the video display are synchro-
nous (matched).

The column titled “blinking cycle” in FIG. 11 indicates a
number of blinking cycles of the fluorescent lamp 400 which
becomes equivalent to a length of the video display cycle. The
column titled “video display cycle” in FIG. 11 indicates a
number of cycles of the video display which becomes equiva-
lent to a length of the blinking cycle of the fluorescent lamp
400. The column titled “synchronization period” in FIG. 11
indicates a time period until the length of the blinking cycle of
the fluorescent lamp matches with the length of the video
display cycle.

If the lighting frequency of the fluorescent lamp 400 is 100
Hz and the video frame rate is 100 Hz, it becomes less likely
that a viewer perceives the flicker without specific informa-
tion which is used to control the optical shutter portion 310 for
moderating the flicker. Similarly if the lighting frequency of
the fluorescent lamp 400 is 120 Hz and the video frame rate is
120 Hz, it becomes less likely that a viewer perceives the
flicker without specific information which is used to control
the optical shutter portion 310 for moderating the flicker.

Under the other conditions shown in FIG. 11, the synchro-
nization signal preferably includes specific information for
moderating the flicker. For example, according to the blinking
operation of the fluorescent lamp 400 (lighting frequency:
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100 Hz) and the video frame rate (120 Hz) described in the
context of FIG. 6, three cycles of the video display is as long
as five cycles of the blinking operation of the fluorescent lamp
400. In this case, the synchronization period becomes 50 ms.

The first generator 236 of the display device 200 controls
generation of a synchronization signal, every “50 ms period”
(three cycles of the video display; five blinking cycles of the
fluorescent lamp 400). The first generator 236 processes three
cycles of the video frames as one control unit to generate a
synchronization signal for controlling the optical shutter por-
tion 310 of the eyeglass device 300, and sets the control
conditions for the synchronization signal (various control
information, such as the shutter open time, transmittance, and
response speed). Once the first generator 236 determines the
aforementioned control conditions, the first generator 236
sets information indicating similar control conditions in the
synchronization signal per every three cycles of the video
frames.

Preferably, the first generator 236 generates a reference
signal which indicates the start of the control unit. By means
of' the reference signal, the eyeglass device 300 identifies the
start of the control unit to cause the optical shutter portion 310
to perform the suitable assistance operation. The generation,
transmission and process of the reference signal are described
below.

As shown in FIG. 11, if the lighting frequency of the
fluorescent lamp 400 and the video frame rate are determined
in advance, the first generator 236 may use previously calcu-
lated (determined) values as the control information for the
eyeglass device 300 without calculation processes for acquir-
ing control information.

As described above, ifthe relationship between the lighting
frequency of the fluorescent lamp 400 and the frame rate of
the video images displayed by the display device 200 is kept
consistent, the first generator 236 generates a synchronization
signal including information with prescribed control values
for controlling the optical shutter portion 310 per every pre-
determined period of the video frame or every predetermined
blinking period of the fluorescent lamp 400. Thus, it becomes
less likely that the viewer perceives any flicker. Therefore the
viewer may comfortably watch the video.
<Synchronization Signal Transmission>

FIG. 12 is a timing chart schematically showing transmis-
sion of a synchronization signal including control informa-
tion described in the context of FIG. 10. The transmission of
the synchronization signal is described with reference to
FIGS.1,3,4,10 and 12.

Section (A) in FIG. 12 shows a frame image displayed by
the display portion 230. As show in section (A) in FIG. 12, the
display portion 230 alternately displays . and R frame
images.

Section (B) in FIG. 12 is a timing chart which shows a
synchronization signal generated by the first generator 236 of
the display device 200. As described above, the synchroniza-
tion signal is transmitted to the eyeglass device 300 by the
transmitter 233. The synchronization signal includes pulse
signals LO1,1.O2,[.C1,R0O1,RO2 and RC1. The pulse signal
LO1 includes first command information for increasing a
transmission light amount to the viewer’s left eye and trans-
mittance information which defines a transmittance of 50%.
The pulse signal L.O2 includes first command information for
increasing the transmission light amount to the viewer’s left
eye and transmittance information which defines a transmit-
tance of 75%. The pulse signal L.C1 includes second com-
mand information for decreasing the transmission light
amount to the viewer’s left eye. The pulse signal RO1
includes third command information for increasing a trans-
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mission light amount to the viewer’s right eye and transmit-
tance information which defines a transmittance of 50%. The
pulse signal RO2 includes third command information for
increasing the transmission light amount to the viewer’s right
eye and transmittance information which defines a transmit-
tance of 75%. The pulse signal RC1 includes fourth command
information for decreasing the transmission light amount to
the viewer’s right eye. In the present embodiment, the pulse
signals LO1, LO2, L.C1, RO1, RO2 and RC1 are exemplified
as the control signals for causing the eyeglass device 300 to
perform the assistance operation, respectively.

The transmitter 233 transmits the pulse signal LO1 in syn-
chronization with the start of the L. frame image display.
Accordingly, the left shutter 311 opens at a transmittance of
50% in synchronization with the start of the L. frame image
display. The transmitter 233 transmits the pulse signal LO2 in
synchronization with the start of the subsequent display of the
L frame image. Accordingly, the left shutter 311 opens at a
transmittance of 75% in synchronization with the start of the
L frame image display.

The transmitter 233 transmits the pulse signal LC1 in syn-
chronization with the end of the L. frame image display.
Accordingly, the left shutter 311 closes in synchronization
with the end of the L frame image display to decrease the
transmission light amount to the viewer’s left eye.

The transmitter 233 transmits the pulse signal RO2 in syn-
chronization with the start of the R frame image display.
Accordingly, the right shutter 312 opens at a transmittance of
75% in synchronization with the start of the R frame image
display. The transmitter 233 transmits the pulse signal RO1 in
synchronization with the start of the subsequent display of the
R frame image. Accordingly, the right shutter 312 opens at a
transmittance of 50% in synchronization with the start of the
R frame image display.

The transmitter 233 transmits the pulse signal RC1 in syn-
chronization with the end of the R frame image display.
Accordingly, the right shutter 312 closes in synchronization
with the end of the R frame image display to decrease the
transmission light amount to the viewer’s right eye.

Section (C) in FIG. 12 is a timing chart which shows an
internal signal generated by the second generator 337 of the
eyeglass device 300. As described above, the second genera-
tor 337 generates the internal signal on the basis of'a synchro-
nization signal received by the receiver 333.

The second generator 337 generates a pulse signal ILO1 in
response to the pulse signal LO1. The shutter controller 338
controls the optical shutter portion 310 so that the left shutter
311 opens at a transmittance of 50% in response to the pulse
signal ILO1. The second generator 337 generates a pulse
signal ILO2 in response to the pulse signal LO2. The shutter
controller 338 controls the optical shutter portion 310 so that
the left shutter 311 opens at a transmittance of 75% in
response to the pulse signal ILO2.

The second generator 337 generates a pulse signal ILC1 in
response to the pulse signal LC1. The shutter controller 338
controls the optical shutter portion 310 so that the left shutter
311 closes in response to the pulse signal ILC1.

The second generator 337 generates a pulse signal IRO1 in
response to the pulse signal RO1. The shutter controller 338
controls the optical shutter portion 310 so that the right shutter
312 opens at a transmittance of 50% in response to the pulse
signal IRO1. The second generator 337 generates a pulse
signal IRO2 in response to the pulse signal RO2. The shutter
controller 338 controls the optical shutter portion 310 so that
the right shutter 312 opens at a transmittance of 75% in
response to the pulse signal IRO2.
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The second generator 337 generates a pulse signal IRC1 in
response to the pulse signal RC1. The shutter controller 338
controls the optical shutter portion 310 so that the right shutter
312 closes in response to the pulse signal IRC1.

Section (D) in FIG. 12 is a timing chart showing variation
in transmission light amount to the left eye. Section (F) in
FIG. 12 is a timing chart showing variation in transmission
light amount to the right eye.

As described above, the pulse signals .O1, LO2 are trans-
mitted in synchronization with the start of the L. frame image
display. The pulse signals 1LO1, ILO2, which are used to
control the opening of the left shutter 311, are generated in
response to the pulse signals LO1, LO2, respectively. Conse-
quently, the left shutter 311 opens at a transmittance of 50%
in response to the transmission of the pulse signal LO1. The
left shutter 311 opens at a transmittance of 75% in response to
the transmission of the pulse signal LO2. Thus, the transmis-
sion light amount to the left eye starts to increase in synchro-
nization with the start of the L. frame image display.

As described above, the pulse signal L.C1 is transmitted in
synchronization with the end of the I frame image display.
The pulse signal ILC1, which is used to control the closing of
the left shutter 311, is generated in response to the pulse
signal L.C1. Consequently, the left shutter 311 closes in syn-
chronization with the end of the L frame image display. Thus,
the transmission light amount to the left eye starts to decrease
in synchronization with the end of the L. frame image display.

As described above, the pulse signals RO1, RO2 are trans-
mitted in synchronization with the start of the R frame image
display. The pulse signals IRO1, IRO2, which are used to
control the opening of the right shutter 312, are generated in
response to the pulse signals RO1, RO2, respectively. Conse-
quently, the right shutter 312 opens at a transmittance of 50%
in response to the transmission of the pulse signal RO1. The
right shutter 312 opens at a transmittance of 75% in response
to the transmission of the pulse signal RO2. Thus, the trans-
mission light amount to the right eye starts to increase in
synchronization with the start of the R frame image display.

As described above, the pulse signal RC1 is transmitted in
synchronization with the end of the R frame image display.
The pulse signal IRC1, which is used to control the closing of
the right shutter 312, is generated in response to the pulse
signal RC1. Consequently, the right shutter 312 closes in
synchronization with the end of the R frame image display.
Thus, the transmission light amount to the right eye starts to
decrease in synchronization with the end of the R frame
image display.

As shown in FIG. 12, a synchronization signal described in
the context of section (A) in FIG. 10 is transmitted whenever
the optical shutter portion 310 is operated to open and close.
In the control methodologies shown in FIG. 12, the transmit-
tance of the optical shutter portion 310 is adjusted. Alterna-
tively, the shutter open time and/or the response speed may be
adjusted in accordance with the aforementioned first and/or
third control methodologies. If the shutter open time is
adjusted, the pulse signal for closing the optical shutter por-
tion 310 may be omitted. If the relationship between the
lighting frequency of the fluorescent lamp 400 and the video
frame rate is kept consistent, all of the pulse signals transmit-
ted by the display device 200 do not have to contain control
information such as the transmittance information, response
speed and/or open time information.

FIG. 13 is a timing chart schematically showing simplified
transmission of'a synchronization signal including the control
information described in the context of FIG. 10. The trans-
mission of the synchronization signal is described with ref-
erence to FIGS. 1, 3,4, 10 and 13.
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As described in the context of FIG. 10, if there is a pre-
scribed relationship between the lighting frequency of the
fluorescent lamp 400 and the video frame rate, a consistent
flicker pattern appears. The consistent flicker pattern is
repeated at every “synchronization period” indicated in FIG.
10. The transmission of the synchronization signal shown in
FIG. 13 causes the eyeglass device 300 to perform the suitable
assistance operation using the consistent flicker pattern,
which is repeated at every “synchronization period”.

Section (A) in FIG. 13 is a graph schematically showing a
relationship between variation in transmission light amount
permitted by the optical shutter portion 310 and blinking of
the fluorescent lamp 400. In the graph shown in section (A) of
FIG. 13, the dotted line indicates the variation in transmission
light amount permitted by the optical shutter portion 310. The
solid line indicates brightness variation of the fluorescent
lamp 400. Section (B) in FIG. 13 is a timing chart schemati-
cally showing a transmission pattern of a synchronization
signal.

As shown in section (B) in FIG. 13, the first generator 236
of the display device 200 generates a reference signal PO,
which is used as a reference for controlling the eyeglass
device 300. The transmitter 233 transmits the reference signal
PO, at each “synchronization period”, which is determined by
the combination between the lighting frequency of the fluo-
rescent lamp 400 and the video frame rate as described in the
context of F1IG. 10. As described in the context of FIG. 10, the
transmission period of the reference signal P0 is longer than
the display period of the frame images and the blinking period
of the fluorescent lamp 400. In the present embodiment, the
transmission period of the reference signal P0 corresponds to
a least common multiple of the display period of the frame
images and the blinking period of the fluorescent lamp 400.
Alternatively, the transmission period of the reference signal
P0 may be as long as another common multiple of the display
period of the frame images and the blinking period of the
fluorescent lamp 400.

In the present embodiment, the reference signal PO trans-
mits first common information for opening the left shutter
311 to the eyeglass device 300. Alternatively, the reference
signal may transmit at least one of second command infor-
mation for closing the left shutter 311, third command infor-
mation for opening the right shutter 312, and fourth command
information for closing the right shutter 312, to the eyeglass
device 300. Further alternatively, the reference signal may not
have to transmit information for opening and closing the
optical shutter portion 310.

Within the “synchronization period”, the first generator
236 generates a pulse signal P2 which transmits the second
command information for closing the left shutter 311, a pulse
signal P3 which transmits the third command information for
opening the right shutter 312, a pulse signal P4 which trans-
mits the fourth command information for closing the right
shutter 312, and a pulse signal P1 which transmits first com-
mand information for opening the left shutter 311. The trans-
mitter 233 sequentially transmits these pulse signals P2, P3,
P4, P1 within the “synchronization period”. In the present
embodiment, the sequential transmission of the pulse signals
P2, P3, P4, P1 is repeated three times within the “synchroni-
zation period”. The pulse signals P2, P3, P4, P1 are exempli-
fied as the control signal.

The reference signal PO and the pulse signal P1 both
include the first command information for opening the left
shutter 311. As described below, the eyeglass device 300
processes the reference signal P0 and the pulse signal P1 as
separate signals.
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The reference signal P0 and the pulse signals P2, P3, P4, P1
include transmittance information for adjusting the transmit-
tance of the optical shutter portion 310. The first generator
236 may adjust the transmittance information, whenever the
reference signal PO and the pulse signals P2, P3, P4, P1 are
generated. In the present embodiment, the pulse signal P3
which is transmitted first in the first transmission period
includes transmittance information indicating a higher trans-
mittance than the subsequent pulse signal P3. The pulse sig-
nal P1 which s transmitted last in the first transmission period
includes transmittance information indicating a higher trans-
mittance than the preceding pulse signal P1.

Section (B) in FIG. 13 shows two reference signals P0. The
time period from the transmission of one reference signal P0
until the next reference signal P0 is exemplified as the first
transmission period. The “synchronization period” after the
first transmission period is exemplified as the second trans-
mission period. The analyzer 335 of the eyeglass device 300
may distinguish the first transmission period from the second
transmission period by means of the reference signal P0.

In the first transmission period, the first generator 236
processes signals to generate the reference signal PO and the
pulse signals P2, P3, P4 and P1. In the second transmission
period, the first generator 236 may generate the reference
signal PO and the pulse signals P2, P3, P4 and P1 by using the
signal processing results obtained during the first transmis-
sion period without new signal processes. Accordingly, the
transmitter 233 may transmit a signal group for causing the
eyeglass device 300 to perform the same assistance operation
as that executed during the first transmission period with less
loads for information processes.

The receiver 333 of the eyeglass device 300 receives the
reference signal PO and the pulse signals P2, P3, P4 and P1
transmitted in the “synchronization period”. The analyzer
335 of the eyeglass device 300 interprets the command infor-
mation included in the reference signal PO and the pulse
signals P2, P3, P4 and P1 transmitted in the “synchronization
period”, as one group of commands, and determines the assis-
tance operation of the optical shutter portion 310 in the syn-
chronization period. The analyzer 335 determines the trans-
mittance of the left and right shutters 311, 312 on the basis of
the transmittance information included in the reference signal
P0 and the pulse signals P2, P3, P4, P1. The analyzer 335 also
determines the open time period of the left shutter 311 on the
basis of the reception timing of the reference signal P0/pulse
signal P1 and the reception timing of the pulse signal P2,
which is received immediately after the reference signal
P0/pulse signal P1. The analyzer 335 further determines the
open time period of the right shutter 312 on the basis of the
reception timing of the reference signal P3 and the reception
timing of the pulse signal P4, which is received immediately
after the reference signal P3. The first generator 236 of the
display device 200 adjusts the transmittance information
included in the reference signal PO and the pulse signals P2,
P3, P4, P1, and the transmission timings of the reference
signal PO and the pulse signals P2, P3, P4, P1, so that
decreased variation in light amount from the fluorescent lamp
400 is transmitted through the optical shutter portion 310. The
analyzer 335 processes the signal transmitted during the
“synchronization period” as one group, which results in more
robust signal processes against noise signals. Therefore it
becomes less likely that the eyeglass device 300 is malfunc-
tioned.

In the storage portion 336, the analyzer 335 may record a
pattern of the assistance operation determined on the basis of
the reference signal PO and the pulse signals P2, P3, P4 and
P1, which have received during the first transmission period.
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The optical shutter portion 310 may open and close the left
and right shutters 311, 312 during the second transmission
period in accordance with the pattern of the assistance opera-
tion recorded in the storage portion 336. Accordingly, even if
communication of the synchronization signal is temporarily
cut off in the second transmission period, the optical shutter
portion 310 may still continue the assistance operation.

FIG. 14 shows a format of a synchronization signal
described in the context of FIG. 13 and control information
included in the synchronization signal. The synchronization
signal is described with reference to FIGS. 1, 3, 4,10, 13 and
14.

Section (A) in FIG. 14 shows a data format of pulse signals
included in the synchronization signal transmitted by the
transmitter 233. Section (B) in FI1G. 14 is a chart showing the
data format shown in section (A) in details.

The pulse signal data includes a start bit, a timing flag, a
shutter open/closed flag, a left/right shutter flag, lighting fre-
quency information, video frame rate information, phase dif-
ference information and a parity bit.

The functions and roles of the start bit, the shutter open/
closed flag, the left/right shutter flag and the parity bit corre-
spond to the description in the context of FIG. 10.

As shown in section (B) in FIG. 13, the reference signal P0
is transmitted in synchronization with the start of the “syn-
chronization period”. The first generator 236 sets a value of
the timing flag to “1” if the first generator 236 generates the
reference signal P0. The first generator 236 sets a value of the
timing flag to “0” if the first generator 236 generates the other
pulse signals P1, P2, P3 and P4. Accordingly, the analyzer
335 of the eyeglass device 300 may determine whether a
signal received by the receiver 333 is the reference signal PO
ornot. Ifthe value of the timing flag of a signal received by the
receiver 333 is “1”, the analyzer 335 determines that the
signal received by the receiver 333 is the reference signal. If
the value of the timing flag of a signal received by the receiver
333 is “0”, the analyzer 335 determines that the signal
received by the receiver 333 is one of the other pulse signals
P1, P2, P3 and P4. If it is determined that the reference signal
PO is received, the analyzer 335 processes the control infor-
mation (command information) included in the reference sig-
nal P0 and the pulse signals P2, P3, P4, P1, as one group, and
adjusts control parameters such as the open time period of the
optical shutter portion 310, the transmittance and/or response
speed, so as to moderate the flicker, which is caused by
difference between the video display period and the lighting
period of the fluorescent lamp 400. Thus, a viewer may com-
fortably watch a stereoscopic image.

The lighting frequency information indicates the lighting
frequency of the fluorescent lamp 400, which is detected by
the detector 239 of the display device 200. In the present
embodiment, if the bits of the lighting frequency information
are “007, the lighting frequency of'the fluorescent lamp 400 is
“100 Hz”, and if the bits of the lighting frequency information
are “01”, the lighting frequency of'the fluorescent lamp 400 is
“120 Hz”.

The frame rate information represents the frame rate of the
video image displayed on the display portion 230 of the
display device 200. In the present embodiment, if the bits of
the frame rate information are “00”, the frame rate of the
video image displayed by the display portion 230 is “96 Hz”.
If the bits of the frame rate information are “01”, the frame
rate of the video image displayed by the display portion 230
is “100 Hz”. If the bits of the frame rate information are “10”,
the frame rate of the video image displayed by the display
portion 230 is “120 Hz”. If the bits of the frame rate informa-
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tion are “11”, the frame rate of the video image displayed by
the display portion 230 is “144 Hz”.

FIG. 15 is a timing chart schematically showing a phase
difference between the synchronization period and the light-
ing period. The synchronization signal is further described
with reference to FIGS. 1, 3, 4 and 10, and FIGS. 13 to 15.

The reference signal PO shown in FIG. 13 is simulta-
neously transmitted with the start of an increase in brightness
of the fluorescent lamp 400, whereas transmission of the
reference signal PO shown in FIG. 15 is delayed by a pre-
scribed time period (phase difference) from the start of the
increase in brightness of the fluorescent lamp 400. If the
phase difference between the lighting period of the fluores-
cent lamp 400 and the “synchronization period” is always
consistent, the phase difference information is not necessary.
However, it is likely that the phase difference between the
lighting period of the fluorescent lamp 400 and the “synchro-
nization period” varies. Settings for the open time, transmit-
tance and/or response speed of the optical shutter portion 310
to moderate variation in light amount from the fluorescent
lamp 400, which is transmitted through the optical shutter
portion 310, is dependent on an amplitude of the phase dif-
ference. Therefore it is preferable to set operation of the
optical shutter portion 310 in terms of the phase difference
between the lighting period of the fluorescent lamp 400 and
the “synchronization period”.

In the present embodiment, the first generator 236 gener-
ates a synchronization signal with a reference signal PO
including phase difference information and/or pulse signals
P1, P2, P3 and P4. In the present embodiment, the first gen-
erator 236 may set information about a phase difference of
“0°7, “90°”, “180°” and “270°”, in the synchronization sig-
nal. Alternatively, the first generator 236 may set a phase
difference of another value in the synchronization signal. If
there is a more variety of information about the phase differ-
ence which may be set by the first generator 236, a more
consistent light amount from the fluorescent lamp 400 is
transmitted through the optical shutter portion 310.

The first generator 236 of the display device 200 sets a
value of the timing flag to “1” (valid) to generates the refer-
ence signal P0. The first generator 236 determines a value of
the timing flag to “0” to set up the other pulse signals P1, P2,
P3 and P4. The first generator 236 sets control information
such as lighting frequency information, frame rate informa-
tion and phase difference information in the reference infor-
mation PO and/or the pulse signals P1, P2, P3, P4. The
receiver 233 transmits a synchronization signal including the
reference signal PO and the pulse signals P1, P2, P3, P4,
which have been generated by the first generator 236, to the
eyeglass device 300.

The receiver 333 of the eyeglass device 300 receives the
synchronization signal from the display device 200. The ana-
lyzer 335 acquires the control information such as the lighting
frequency information, frame rate information and phase dif-
ference information from the received synchronization sig-
nal. The analyzer 335 defines a pattern of the assistance
operation of the optical shutter portion 310 to moderate the
flicker on the basis of the control information included in the
signals received between the receptions of one reference sig-
nal PO and the subsequent reference signal P0. The shutter
controller 338 controls the optical shutter portion 310 in
accordance with the pattern defined by the analyzer 335.
Thus, it becomes less likely that a viewer perceives flicker.
Since the reference signal PO, which is used as a reference of
the assistance operation pattern, is identified on the basis of
the value of the timing flag and the assistance operation
pattern of the eyeglass device 300 is determined on the basis
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of the reference signal PO, simplified signal processes is
achieved for the assistance operation.

The analyzer 335 of the eyeglass device 300 may define the
assistance operation of the eyeglass device 300 on the basis of
the reference signal PO and the pulse signals P1, P2, P3 and
P4, which are received during the synchronization period.
Therefore, even if communication of the synchronization
signal is cut off thereafter, the second generator 337 of the
eyeglass device 300 may still generate internal signals in
accordance with the defined pattern of the assistance opera-
tion. Thus, the shutter controller 338 of the eyeglass device
300 may continue to autonomously control the assistance
operation of the optical shutter portion 310.

If the receiver 333 of the eyeglass device 300 receives the
synchronization signal again, the analyzer 335 may identity
the reference signal P0 and the pulse signals P1, P2, P3 P4, on
the basis of the value of the timing flag in the signal, which is
received by the receiver 333. If the analyzer 335 confirms
reception of the reference signal P0, the analyzer 335 inter-
prets a time period from the reception timing of the reference
signal PO until the reception timing of the next reference
signal PO as the synchronization period, and then defines the
assistance operation pattern of the eyeglass device 300.
Therefore, the opening and closing of the optical shutter
portion 310 is rapidly performed in each image frame.

If the reference signal PO includes information about the
lighting frequency, information about the video frame rate
and information about the phase difference, the pulse signals
P1, P2, P3 and P4 do not have to include information about the
lighting frequency, information about the video frame rate
and information about the phase difference, which resultsina
shorter data length of the pulse signals P1, P2, P3 and P4.

According to the methodologies of the present embodi-
ment, the detector 239 of the display device 200 detects the
lighting frequency of the fluorescent lamp 400. The first gen-
erator 236 generates a synchronization signal including con-
trol conditions such as the shutter open time, transmittance
and response speed, on the basis of the video frame rate and
the lighting frequency of the fluorescent lamp 400. The trans-
mitter 233 transmits the generated synchronization signal to
the eyeglass device 300.

The receiver 333 of the eyeglass device 300 receives the
synchronization signal from the display device 200. The ana-
lyzer 335 defines the assistance operation pattern of the opti-
cal shutter portion 310 in accordance with the control infor-
mation contained in the synchronization signal. The shutter
controller 338 controls the assistance operation of the optical
shutter portion 310 in accordance with the defined pattern of
the assistance operation to present a viewing environment
with little flicker to the viewer.

If the first generator 236 generates the reference signal P0
at each “synchronization period”, a substantially consistent
light amount from the fluorescent lamp 400 is transmitted
through the optical shutter portion 310 between video image
frames by means of the signals (reference signal PO and pulse
signals P1, P2, P3, P4) transmitted during the “synchroniza-
tion period”. Therefore, flicker is reduced under simplified
control methodologies.

The first generator 236 generates a synchronization signal
containing control information including information relat-
ing to a lighting frequency of the fluorescent lamp 400 which
is detected by the detector 239, and information relating to a
video frame rate. The transmitter 233 transmits the generated
synchronization signal to the eyeglass device 300. The
receiver 333 of the eyeglass device 300 receives the synchro-
nization signal. The analyzer 335 analyzes the control infor-
mation included in the synchronization signal. The shutter
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controller 338 controls the optical shutter portion 310 in
synchronization with frame image display on the basis of the
analyzed control information. The reference signal PO trans-
mitted from the display device 200 is used as a reference of
the control of the optical shutter portion 310. Therefore, the
eyeglass device 300 may determine the suitable assistance
operation of the optical shutter portion 310 for each video
frame. The optical shutter portion 310 of the eyeglass device
300 operates in accordance with the suitably defined pattern
of the assistance operation, which results in little flicker in a
video image to be presented to the viewer.

<Brightness Control for Display Portion>

FIG. 16 is a timing chart schematically showing brightness
control of the display portion 230, which is carried out in
parallel with the transmission of a synchronization signal
described in the context of FIG. 13. Section (A) in FIG. 16 is
atiming chart similar to section (A) in FIG. 13. Section (B) in
FIG. 16 is a timing chart representing brightness variation of
the display portion 230. The brightness control for the display
portion 230 is described with reference to FIGS. 3, 4, 13 and
16.

As shown in FIG. 16, the display portion 230 reduces
brightness of the video image if the left and right shutters 311,
312 allow a large amount of light to pass through. The display
portion 230 increases the brightness of the video image, if the
left and right shutters 311, 312 allow a small amount of light
to pass through. Accordingly, reduced variation in amount of
the video image light is transmitted to the viewer’s eyes
through the optical shutter portion 310. For example, if the
display portion 230 is a liquid crystal display, the brightness
of the backlight, which illuminates the liquid crystal panel, is
increased in synchronization with generation of a signal (ref-
erence signal PO and/or pulse signals P1, P2, P3, P4), which
contains information for increasing the transmission light
amount through the optical shutter portion 310. The bright-
ness of the backlight, which illuminates the liquid crystal
panel, is increased in synchronization with generation of the
signal (reference signal PO and/or pulse signals P1, P2, P3,
P4), which contains information for decreasing the transmis-
sion light amount of the optical shutter portion 310.

Second Embodiment

FIG. 17 is a block diagram schematically showing a hard-
ware configuration of a video system according to the second
embodiment. Elements which are the same as the first
embodiment are labeled with the same reference numerals.
Different features from the first embodiment are described
with reference to FIGS. 1, 2 and 5, FIGS. 7 to 9 and FIG. 17.
The descriptions relating to the first embodiment may be
preferably applicable to elements, which are not described
below.

The video system 100A comprises a display device 200A
which displays a stereoscopic image, and an eyeglass device
300A which performs an assistance operation for assisting in
viewing the stereoscopic image.

Like the display device 200 described in the context of the
first embodiment, the display device 200A comprises a dis-
play panel 210, a decoding IC 211, a video signal processing
IC 212, a light emitter 213, a transmission control IC 214, a
CPU 215, a memory 216 and a clock 217. Unlike the display
device 200 described in the context of the first embodiment,
the display device 200A does not comprise a power supply
processing circuit 218 or an optical sensor 219. Conse-
quently, the display device 200A transmits a synchronization
signal without taking account of blinking of the fluorescent
lamp 400, like the descriptions in the context of FIG. 5.
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Like the eyeglass device 300 described in the context of the
first embodiment, the eyeglass device 300A comprises an
optical shutter portion 310, a light receiver 313, a memory
316 and a clock 317. The eyeglass device 300A comprises a
CPU 315A and an optical sensor 319. The optical sensor 319
detects the lighting frequency of the fluorescent lamp 400.
The CPU 315A controls the optical shutter portion 310 with
taking account of the blinking of the fluorescent lamp 400 on
the basis of the lighting frequency of the fluorescent lamp 400
detected by the optical sensor 319. Thus, a viewer may watch
a stereoscopic image with little flicker. The control of the
optical shutter portion 310 based on the output signal of the
optical sensor 319 follows the first to third control method-
ologies described in the context of FIGS. 7 to 9.

FIG. 18 is a block diagram schematically showing a func-
tional configuration of the display device 200A. The display
device 200A is described with reference to FIGS. 3, 5and 18.

Like the display device 200 described in the context of the
first embodiment, the display device 200A comprises a
decoder 231, an [/R signal separator 232, a stereoscopic
signal processor 235, a display portion 230, a first generator
236, a transmission controller 234, and a transmitter 233.
Unlike the display device 200 described in the context of the
first embodiment, the display device 200A does not comprise
a detector 239. Consequently, the display device 200A trans-
mits a synchronization signal without taking account of the
blinking of the fluorescent lamp 400, like the descriptions in
the context of FIG. 5.

FIG. 18 is a block diagram schematically showing a func-
tional configuration of the eyeglass device 300A. The eye-
glass device 300A is described with reference to FIGS. 1, 4
and 5, FIGS. 7 to 9 and FIGS. 17 and 19.

Like the eyeglass device 300 described in the context of the
first embodiment, the eyeglass device 300A comprises a
receiver 333, a signal detector 334, an analyzer 335, a storage
portion 336, a shutter controller 338 and an optical shutter
portion 310. The eyeglass device 300A further comprises a
second generator 337A and a detector 339. The second gen-
erator 337A corresponds to the CPU 315A in the hardware
configuration shown in FIG. 17. The detector 339 corre-
sponds to the optical sensor 319 in the hardware configuration
shown in FIG. 17.

The analyzer 335 analyzes the synchronization informa-
tion for synchronizing the opening and closing operations of
the left and right shutters 311, 312 with display of video frame
images, on the basis of the reception interval of the pulse
signals LO, LC, RO, RC (see FIG. 5), and then stores the
information in the storage portion 336. The detector 339
detects the lighting frequency of the fluorescent lamp 400.
The second generator 337A generates internal information,
which defines the assistance operation pattern of the optical
shutter portion 310, on the basis of synchronization informa-
tion (information relating to the video frame rate), informa-
tion about the lighting frequency of the fluorescent lamp 400,
and information relating to the phase difference between the
video display switching period and the blinking of the fluo-
rescent lamp 400. The internal signal is generated so that
reduced variation in light amount from the fluorescent lamp
400 is transmitted through the optical shutter portion 310.

The second generator 337A acquires information relating
to the lighting frequency of the fluorescent lamp 400 from the
detector 339. The second generator 337A acquires informa-
tion relating to the video frame rate on the basis of the recep-
tion interval of the pulse signals contained in the synchroni-
zation signal transmitted by the display device 200 (for
example, the reception interval between the pulse signal LO
for opening the left shutter 311, the pulse signal L.C for
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opening the left shutter 311, the pulse signal RO for opening
the right shutter 312 and the pulse signal RC for closing the
right shutter 312). The analyzer 335 may calculate the video
frame rate on the basis of the reception interval of the pulse
signals. The second generator 337A may acquire information
relating to the video frame rate via the storage portion 336.

Alternatively, the synchronization signal transmitted from
the display device 200A may include information relating to
the video frame rate. The analyzer 335 may extract the infor-
mation relating to the video frame rate from the synchroni-
zation signal received by the receiver 333, and then record the
information in the storage portion 336.

The second generator 337A may calculate the aforemen-
tioned phase difference on the basis of the lighting frequency
of the fluorescent lamp 400 detected by the detector 339 and
the calculated or acquired video frame rate.

Like the methodologies of the first embodiment, the eye-
glass device 300A may identify the flicker pattern, which is
determined by the blinking of the fluorescent lamp 400, and
the video frame rate. Therefore, the second generator 337A
generates an internal signal so that the open time periods,
transmittance and response speeds of the left and right shut-
ters 311, 312, and the combination of these, are adjusted in
accordance with the first to third control methodologies
described in the context of FIGS. 7 t0 9.

The shutter controller 338 controls the optical shutter por-
tion 310 on the basis of the generated internal signal.

A viewer wearing the eyeglass device 300A may watch a
stereoscopic video image with little flicker. Since the eyeglass
device 300A detects the lighting frequency of the fluorescent
lamp 400, it becomes likely that the eyeglass device 300A
alone moderates the flicker. Consequently, even unless the
synchronization signal transmitted from the display device
200A contains control information for the optical shutter
portion 310 (information relating to the transmittance and the
response speed), the eyeglass device 300A may still appro-
priately moderate flicker to present the viewer with a quality
stereoscopic image.

According to the second embodiment, the synchronization
signal transmitted from the display device 200A to the eye-
glass device 300A does not contain control information such
as the shutter open time, transmittance or response speed.
Therefore it is likely that a synchronization signal to be trans-
mitted has a relatively small information volume.
<Various Transmission Pattern of Reference Signal>

FIG. 20 is a timing chart schematically showing another
transmission pattern of a reference signal. Section (A) in FIG.
20 is a graph schematically showing a relationship between
variation in transmission light amount permitted by the opti-
cal shutter portion 310 and the blinking of the fluorescent
lamp 400. In the graph shown in section (A) of FIG. 20, the
dotted line indicates the variation in transmission light
amount permitted by the optical shutter portion 310. The solid
line indicates brightness variation of the fluorescent lamp
400. Section (B) in FIG. 20 is a timing chart schematically
showing a transmission pattern of a synchronization signal.
The other transmission pattern of the reference signal is
described with reference to FIGS. 13 and 20.

The reference signal described in the context of the first
embodiment is transmitted in synchronization with the start
of'the synchronization period (see FIG. 13). Alternatively, as
shown in FIG. 20, the reference signals may be transmitted at
different timings within the synchronization period. The ref-
erence signals shown in FIG. 20 correspond to the start of the
second cycle and the third cycle of the video frame display.
Preferably, the eyeglass device independently identifies these
reference signals.
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As a result of transmitting a few reference signals which
are independently identified within one synchronization
period, if communication of the synchronization signal
between the eyeglass device and the display device is tempo-
rarily interrupted and then restarted, it is rapidly determined
which part of the synchronization period adjustment between
the received synchronization signal and the corresponding
internal signal starts from.

The aforementioned embodiments mainly comprise the
following configurations.

A controller for controlling an eyeglass device which per-
forms an assistance operation for assisting in stereoscopically
viewing a video according to one aspect of the aforemen-
tioned embodiments includes: a first acquisition portion con-
figured to acquire first frequency information relating to a
display frequency of frame images of the video; a second
acquisition portion configured to acquire second frequency
information relating to an environmental factor which peri-
odically varies in an environment where the video is viewed;
and a generator configured to generate a reference signal for
adapting the assistance operation of the eyeglass device to
display of the frame image and periodic variation of the
environmental factor based on the first frequency information
and the second frequency information.

According to the aforementioned configuration, the con-
troller controls the eyeglass device which performs the assis-
tance operation for assisting in stereoscopically viewing the
video. The first acquisition portion acquires the first fre-
quency information, which is related to the display frequency
of the frame image of the video. The second acquisition
portion acquires second frequency information relating to the
environmental factor which periodically varies in the envi-
ronment where the video is viewed. The generator generates
a reference signal for adapting the assistance operation of the
eyeglass device to the display of frame image and the periodic
variation of the environmental factors. Since the controller
adapts the assistance operation of the eyeglass device to the
display of the frame image and the periodic variation in the
environmental factors, a viewer may comfortably watch the
video by means of the assistance operation of the eyeglass
device which is adapted to the environment where the video is
viewed.

In the aforementioned configuration, preferably, the sec-
ond frequency information includes information relating to a
blinking frequency of an illumination light source configured
to illuminate a space where the video is viewed.

According to the aforementioned configuration, since the
second frequency information includes information relating
to the blinking frequency of the illumination light source
configured to illuminate the space where the video is viewed,
the eyeglass device may perform the assistance operation,
which corresponds to the blinking of the illumination light
source, under the control of the controller.

In the aforementioned configuration, preferably, the con-
troller further comprises a transmitter configured to transmit
the reference signal, wherein the transmitter transmits the
reference signal at a transmission period which is longer than
a display period of the frame image and a blinking period of
the illumination light source, the generator generates a con-
trol signal which causes the eyeglass device to perform the
assistance operation so that a viewer viewing the video per-
ceives reduced brightness variation of the illumination light
source; and the transmitter transmits the control signal within
the transmission period of the reference signal.

According to the aforementioned configuration, the con-
troller further comprises the transmitter configured to trans-
mit the reference signal. The transmitter transmits the refer-
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ence signal at a transmission period which is longer than the
display period of the frame image and the blinking period of
the illumination light source. The generator generates the
control signal which causes the eyeglass device to perform
the assistance operation so that a viewer viewing the video
perceives reduced brightness variation of the illumination
light source. The transmitter transmits the control signal
within the transmission period of the reference signal. Since
the eyeglass device performs the assistance operation so as to
reduce the brightness variation of the illumination light
source, which is perceived by the viewer viewing the video, it
becomes less likely that the viewer perceives the blinking of
the illumination light source. Therefore the viewer may com-
fortably watch the video.

In the aforementioned configuration, preferably, the trans-
mission period of the reference signal is as long as a common
multiple of the display period of the frame image and the
blinking period of the illumination light source.

According to the aforementioned configuration, since the
transmission period of the reference signal is as long as a
common multiple of the display period of the frame image
and the blinking period of the illumination light source, the
controller may appropriately adapt the assistance operation of
the eyeglass device to the display of the frame image and the
blinking of the illumination light source.

In the aforementioned configuration, preferably, the trans-
mission period of the reference signal is as long as a least
common multiple of the display period of the frame image
and the blinking period of the illumination light source.

According to the aforementioned configuration, since the
transmission period of the reference signal is as long as a
common multiple of the display period of the frame image
and the blinking period of the illumination light source, the
controller may precisely adapt the assistance operation of the
eyeglass device to the display of the frame image and the
blinking of the illumination light source.

In the aforementioned configuration, preferably, the refer-
ence signal includes at least one of first command information
for increasing a transmission light amount to a left eye of the
viewer, second command information for decreasing the
transmission light amount to the left eye, third command
information for increasing a transmission light amount to a
right eye of the viewer, and fourth command information for
decreasing the transmission light amount to the right eye.

According to the aforementioned configuration, since the
reference signal includes at least one of the first command
information for increasing the transmission light amount to
the left eye of the viewer, the second command information
for decreasing the transmission light amount to the left eye,
the third command information for increasing the transmis-
sion light amount to the right eye of the viewer, and the fourth
command information for decreasing the transmission light
amount to the right eye, the eyeglass device may perform the
assistance operation on the basis of the reference signal.

In the aforementioned configuration, preferably, the trans-
mission period of the reference signal includes the first trans-
mission period and the second transmission period following
the first transmission period, the generator generates the con-
trol signal including at least one of the first command infor-
mation for increasing the transmission light amount to the left
eye of the viewer, the second command information for
decreasing the transmission light amount to the left eye, the
third command information for increasing the transmission
light amount to the right eye of the viewer, and the fourth
command information for reducing the transmission light
amount to the right eye to define a pattern of the assistance
operation of the eyeglass device in the first transmission
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period of the reference signal; and the transmitter transmits
the control signal such that the eyeglass device performs the
assistance operation during the second transmission period
according to a same pattern as the pattern of the assistance
operation defined for the first transmission period.

According to the aforementioned configuration, the gen-
erator generates a control signal which includes at least one of
the first command information for increasing the transmis-
sion light amount to the left eye of the viewer, the second
command information for decreasing the transmission light
amount to the left eye, the third command information for
increasing the transmission light amount to the right eye of
the viewer, and the fourth command information for decreas-
ing the transmission light amount to the right eye to define a
pattern of the assistance operation of the eyeglass device in
the first transmission period of the reference signal. In the
second transmission period which follows the first transmis-
sion period, the transmitter transmits the control signal so that
the eyeglass device performs the assistance operation accord-
ing to the same pattern as the pattern of the assistance opera-
tion defined for the first transmission period, which simplifies
the generation of the control signal and the signal processing
relating to transmission.

In the aforementioned configuration, preferably, the gen-
erator defines the pattern of the assistance operation of the
eyeglass device by adjusting an interval between a timing of
increasing the transmission light amount and a timing of
decreasing the transmission light amount so that the viewer
perceives the reduced brightness variation of the illumination
light source.

According to the aforementioned configuration, the gen-
erator defines the pattern of the assistance operation of the
eyeglass device by adjusting the interval between the timings
of'increasing and decreasing the transmission light amount so
that the viewer perceives the reduced brightness variation of
the illumination light source. Therefore, it becomes less likely
that the viewer perceives blinking of the illumination light
source. Therefore the viewer may comfortably view the
video.

In the aforementioned configuration, preferably, the con-
trol signal includes light amount information relating to the
transmission light amount permitted by the eyeglass device;
and the generator defines the light amount information so that
the viewer perceives the reduced brightness variation of the
illumination light source.

According to the aforementioned configuration, the con-
trol signal includes light amount information relating to the
transmission light amount permitted by the eyeglass device.
Since the generator defines the light amount information so
that the viewer perceives the reduced brightness variation of
the illumination light source. Therefore it becomes less likely
that the viewer perceives the blinking ofthe illumination light
source. Therefore the viewer may comfortably watch the
video.

The display device according to another aspect of the
aforementioned embodiments comprises: a display portion
configured to display a video which is stereoscopically per-
ceived; and a controller configured to control an eyeglass
device which performs an assistance operation for assisting in
viewing the video, wherein the controller includes: a first
acquisition portion configured to acquire first frequency
information relating to a display frequency of frame images
of the video; a second acquisition portion configured to
acquire second frequency information relating to an environ-
mental factor that periodically varies in an environment
where the video is viewed; and a generator configured to
generate a reference signal for adapting the assistance opera-
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tion of the eyeglass device to display of the frame image and
periodic variation of the environmental factor based on the
first frequency information and the second frequency infor-
mation.

According to the aforementioned configuration, the dis-
play device includes the display portion configured to display
the video which is stereoscopically perceived; and the con-
troller configured to control the eyeglass device which per-
forms the assistance operation for assisting in viewing the
video. The first acquisition portion acquires the first fre-
quency information relating to the display frequency of the
frame image of the video. The second acquisition portion
acquires the second frequency information relating to the
environmental factor which periodically varies in the envi-
ronment where the video is viewed. The generator generates
the reference signal for adapting the assistance operation of
the eyeglass device to the display of frame image and the
periodic variation of the environmental factor. Since the con-
troller adapts the assistance operation of the eyeglass device
to the display of the frame image and the periodic variation in
the environmental factor, the viewer may comfortably watch
the video by means of the assistance operation of the eyeglass
device which is adapted to the environment where the video is
viewed.

An eyeglass device which performs an assistance operation
for assisting in stereoscopically viewing a video according to
yet another aspect of the aforementioned embodiments com-
prises: a receiver configured to receive a reference signal
generated based on first frequency information relating to a
display frequency of frame images of the video and second
frequency information relating to an environmental factor
which periodically varies in an environment where the video
is viewed; and an optical filter portion configured to perform
the assistance operation adapted to display of the frame image
and periodic variation ofthe environmental factor in response
to the reference signal.

According to the aforementioned configuration, the eye-
glass device performs the assistance operation for assisting in
stereoscopically viewing the video. The receiver receives the
reference signal which is generated on the basis of the first
frequency information relating to the display frequency ofthe
frame image of the video and the second frequency informa-
tion relating to the environmental factor which periodically
varies in the environment where the video is viewed. Since the
optical filter portion executes the assistance operation which
is adapted to the display of the frame image and the periodic
variation in the environmental factor, the viewer may com-
fortably watch the video by means of the assistance operation
of the eyeglass device which is adapted to the environment
where the video is viewed.

In the aforementioned configuration, preferably, the eye-
glass device further comprises an analyzer configured to ana-
lyze a signal received by the receiver, wherein the second
frequency information includes information relating to a
blinking frequency of an illumination light source which
illuminates a space where the video is viewed, the receiver
receives the reference signal which is transmitted at a trans-
mission period longer than a display period of the frame
image and a blinking period of the illumination light source,
and a control signal for causing the optical filter portion to
perform the assistance operation so that a viewer perceives
reduced brightness variation of the illumination light source,
the analyzer analyzes a pattern of the assistance operation in
response to the reference signal and the control signal, which
is received in the transmission period; and the optical filter
portion performs the assistance operation based on an analy-
sis result of the pattern.
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According to the aforementioned configuration, the eye-
glass device further comprises the analyzer configured to
analyze the signal received by the receiver. The second fre-
quency information includes the information relating to the
blinking frequency of the illumination light source config-
ured to illuminate the space where the video is viewed. The
receiver receives the reference signal which is transmitted at
the transmission period longer than the display period of the
frame image and the blinking period of the illumination light
source; and the control signal for causing the optical filter
portion to perform the assistance operation so that a viewer
perceives reduced brightness variation of the illumination
light source. The analyzer analyzes a pattern of the assistance
operation on the basis of the reference signal and the control
signal received in the transmission period. The optical filter
portion performs the assistance operation on the basis of the
analysis result of the pattern, so that it becomes less likely that
the viewer perceives blinking of the illumination light source.
Therefore the viewer may comfortably watch the video.

In the aforementioned configuration, preferably, the opti-
cal filter portion includes a left filter, which increases and
decreases a transmission light amount to a left eye, and a right
filter, which increases and decreases a transmission light
amount to a right eye; and the control signal includes infor-
mation relating to a response speed of the left and right filters.

According to the aforementioned configuration, the optical
filter portion includes the left filter configured to increase and
decrease the transmission light amount to the left eye, and the
right filter configured to increase and decrease the transmis-
sion light amount to the right eye. Since the control signal
includes information relating to the response speed of the left
and right filters, the optical filter portion adjusts the response
speed of the left and right filters in response to the blinking
frequency of the illumination light source to perform the
assistance operation. Therefore, it becomes less likely that the
viewer perceives any blinking of the illumination light
source. Accordingly the viewer may comfortably view the
video.

The video system according to yet another aspect of the
aforementioned embodiments comprises: a display device
configured to display a video which is stereoscopically per-
ceived; and an eyeglass device configured to perform an assis-
tance operation for assisting in viewing the video, wherein the
display device includes: a display portion configured to dis-
play the video; and a controller configured to control the
eyeglass device, the controller includes: a first acquisition
portion configured to acquire first frequency information
relating to a display frequency of frame images of the video;
a second acquisition portion configured to acquire second
frequency information relating to an environmental factor
which periodically varies in an environment where the video
is viewed; and a generator configured to generate a reference
signal for adapting the assistance operation of the eyeglass
device to display of the frame image and periodic variation of
the environmental factor based on the first frequency infor-
mation and the second frequency information; and the eye-
glass device comprises: a receiver configured to receive the
reference signal; and an optical filter portion configured to
perform the assistance operation adapted to the display of the
frame image and the periodic variation of the environmental
factor in response to the reference signal.

According to the aforementioned configuration, the dis-
play device displays the video which may be stereoscopically
perceived. The eyeglass device performs the assistance
operation for assisting in viewing the video. The first acqui-
sition portion of the display device acquires the first fre-
quency information relating to the display frequency of the
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frame image of the video. The second acquisition portion
acquires the second frequency information relating to the
environmental factor which periodically varies in the envi-
ronment where the video is viewed. The generator generates
the reference signal for adapting the assistance operation of
the eyeglass device with the display of the frame image and
the periodic variation of the environmental factor. The
receiver of the eyeglass device receives the reference signal.
The optical filter portion executes the assistance operation
which is adapted to the display of the frame image and the
periodic variation in the environmental factor, so that the
viewer may comfortably watch the video by means of the
assistance operation of the eyeglass device which is adapted
to the environment where the video is viewed.

In the aforementioned configuration, preferably, the sec-
ond frequency information includes information relating to a
blinking frequency of an illumination light source configured
to illuminate a space where the video is viewed, the generator
generates a control signal which causes the eyeglass device to
perform the assistance operation so that a viewer viewing the
video perceives reduced brightness variation of the illumina-
tion light source, the receiver receives the control signal, the
optical filter portion increases or decreases a transmission
light amount to an eye of the viewer in response to the refer-
ence signal and the control signal, and the display portion
adjusts a brightness of the video so as to reduce variation in a
light amount from the video which is transmitted through the
optical filter portion.

According to the aforementioned configuration, the second
frequency information includes information relating to the
blinking frequency of the illumination light source config-
ured to illuminate the space where the video is viewed. The
generator generates the control signal which causes the eye-
glass device to perform the assistance operation so that a
viewer viewing the video perceives reduced brightness varia-
tion of the illumination light source. The receiver receives the
control signal. The optical filter portion increases or
decreases the transmission light amount to the eye of the
viewer on the basis of the reference signal and the control
signal. Since the display portion adjusts the brightness of the
video so as to reduce variation in light amount from the video
which is transmitted through the optical filter portion, it
becomes less likely that the viewer perceives any brightness
variation of the video, even if the eyeglass device performs
the assistance operation adapted to the blinking of the illumi-
nation light source. Therefore, the video viewing environ-
ment becomes comfortable.

INDUSTRIAL APPLICABILITY

The methodologies of the aforementioned embodiments
may be suitably applied to a display device such as a televi-
sion device, an eyeglass device which assists in viewing a
video displayed on the display device, and a video system
comprising the display device and the eyeglass device.

The invention claimed is:

1. A controller for controlling an eyeglass device which
performs an assistance operation for assisting in stereoscopi-
cally viewing a video, comprising:

a first acquisition portion configured to acquire first fre-
quency information relating to a display frequency of
frame images of the video;

a second acquisition portion configured to acquire second
frequency information relating to an environmental fac-
tor which periodically varies in an environment where
the video is viewed;
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a generator configured to generate a reference signal for
adapting the assistance operation of the eyeglass device
to display of the frame image and to periodic variation of
the environmental factor based on the first frequency
information and the second frequency information; and

a transmitter configured to transmit the reference signal,

wherein the transmitter transmits the reference signal at a
transmission period which is longer than a display
period of the frame image and which is longer than a
blinking period of an illumination light source config-
ured to illuminate a space where the video is viewed,

and wherein the transmission period is a least common
multiple ofthe display period of the frame image and the
blinking period of the illumination light source.

2. The controller according to claim 1, wherein the second
frequency information includes information relating to a
blinking frequency of the illumination light source.

3. The controller according to claim 2, wherein

the generator generates a control signal which causes the
eyeglass device to perform the assistance operation so
that a viewer viewing the video perceives reduced
brightness variation of the illumination light source; and

the transmitter transmits the control signal within the trans-
mission period of the reference signal.

4. The controller according to claim 3, wherein the refer-
ence signal includes at least one of first command information
for increasing a transmission light amount to a left eye of the
viewer, second command information for decreasing the
transmission light amount to the left eye, third command
information for increasing a transmission light amount to a
right eye of the viewer, and fourth command information for
decreasing the transmission light amount to the right eye.

5. The controller according to claim 4, wherein

the transmission period of the reference signal includes a
first transmission period and a second transmission
period following the first transmission period,

the generator generates the control signal including at least
one of the first command information for increasing the
transmission light amount to the left eye of the viewer,
the second command information for decreasing the
transmission light amount to the left eye, the third com-
mand information for increasing the transmission light
amount to the right eye of the viewer, and the fourth
command information for reducing the transmission
light amount to the right eye to define a pattern of the
assistance operation of the eyeglass device in the first
transmission period of the reference signal; and

the transmitter transmits the control signal such that the
eyeglass device performs the assistance operation dur-
ing the second transmission period according to a same
pattern as the pattern of the assistance operation defined
for the first transmission period.

6. The controller according to claim 5, wherein the genera-
tor defining the pattern of the assistance operation of the
eyeglass device adjusts an interval between a timing of
increasing the transmission light amount and a timing of
decreasing the transmission light amount so that the viewer
perceives the reduced brightness variation of the illumination
light source.

7. A controller for controlling an eyeglass device which
performs an assistance operation for assisting in stereoscopi-
cally viewing a video, comprising:

a first acquisition portion configured to acquire first fre-

quency information relating to a display frequency of
frame images of the video;

15

25

35

40

45

40

a second acquisition portion configured to acquire second
frequency information relating to an environmental fac-
tor which periodically varies in an environment where
the video is viewed;

a generator configured to generate a reference signal for
adapting the assistance operation of the eyeglass device
to display of the frame image and to periodic variation of
the environmental factor based on the first frequency
information and the second frequency information; and

a transmitter configured to transmit the reference signal at
a transmission period which is longer than a display
period of the frame image and a blinking period of the
illumination light source configured to illuminate a
space where the video is viewed,

wherein the transmission period of the reference signal
includes a first transmission period and a second trans-
mission period following the first transmission period,

wherein the second frequency information includes infor-
mation relating to a blinking frequency of the illumina-
tion light source;

wherein the generator generates a control signal which
causes the eyeglass device to perform the assistance
operation so that a viewer viewing the video perceives
reduced brightness variation of the illumination light
source;

wherein the transmitter transmits the control signal within
the transmission period of the reference signal;

wherein the reference signal includes at least one of first
command information for increasing a transmission
light amount to a left eye of the viewer, second command
information for decreasing the transmission light
amount to the left eye, third command information for
increasing a transmission light amount to a right eye of
the viewer, and fourth command information for
decreasing the transmission light amount to the right
eye;

wherein the control signal includes light amount informa-
tion relating to the transmission light amount permitted
by the eyeglass device; and

wherein the generator defines the light amount information
so that the viewer perceives the reduced brightness
variation of the illumination light source.

8. A display device comprising:

a display portion configured to display a video which is
stereoscopically perceived; and

a controller configured to control an eyeglass device which
performs an assistance operation for assisting in viewing
the video, wherein

the controller includes:

(1) a first acquisition portion configured to acquire first
frequency information relating to a display frequency of
frame images of the video;

(ii) a second acquisition portion configured to acquire sec-
ond frequency information relating to an environmental
factor that periodically varies in an environment where
the video is viewed;

(iii) a generator configured to generate a reference signal
for adapting the assistance operation of the eyeglass
device to display of the frame image and to periodic
variation of the environmental factor based on the first
frequency information and the second frequency infor-
mation; and

(iv) a transmitter configured to transmit the reference sig-
nal,

wherein the transmitter transmits the reference signal at a
transmission period which is longer than a display
period of the frame image and which is longer than a
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blinking period of an illumination light source config-
ured to illuminate a space where the video is viewed,
and wherein the transmission period is a least common
multiple ofthe display period of the frame image and the
blinking period of the illumination light source.

9. An eyeglass device which performs an assistance opera-
tion for assisting in stereoscopically viewing a video com-
prising:

a receiver configured to receive a reference signal gener-
ated based on first frequency information relating to a
display frequency of frame images of the video and
second frequency information relating to an environ-
mental factor which periodically varies in an environ-
ment where the video is viewed; and

an optical filter portion configured to perform the assis-
tance operation adapted to display of the frame image
and to periodic variation of the environmental factor in
response to the reference signal,

wherein the receiver receives the reference signal which is
transmitted at a transmission period longer than a dis-
play period of the frame image and a blinking period of
an illumination light source configured to illuminate a
space where the video is viewed,

and wherein the transmission period is a least common
multiple ofthe display period of the frame image and the
blinking period of the illumination light source.

10. The eyeglass device according to claim 9 further com-
prising an analyzer configured to analyze a signal received by
the receiver, wherein

the second frequency information includes information
relating to a blinking frequency of the illumination light
source,

the receiver receives a control signal for causing the optical
filter portion to perform the assistance operation so that
a viewer perceives reduced brightness variation of the
illumination light source,

the analyzer analyzes a pattern of the assistance operation
in response to the reference signal and the control signal
which is received in the transmission period; and

the optical filter portion performs the assistance operation
based on an analysis result of the pattern.

11. The eyeglass device according to claim 10, wherein

the optical filter portion includes a left filter, which
increases and decreases a transmission light amount to a
left eye, and a right filter, which increases and decreases
a transmission light amount to a right eye; and

the control signal includes information relating to a
response speed of the left and right filters.

12. A video system comprising:

a display device configured to display a video which is
stereoscopically perceived; and

40

45

50

42

an eyeglass device configured to perform an assistance
operation for assisting in viewing the video, wherein

the display device includes:

(1) a display portion configured to display the video; and

(ii) a controller configured to control the eyeglass device,

the controller includes:

(iii) a first acquisition portion configured to acquire first
frequency information relating to a display frequency of
frame images of the video;

(iv) a second acquisition portion configured to acquire
second frequency information relating to an environ-
mental factor which periodically varies in an environ-
ment where the video is viewed;

(v) a generator configured to generate a reference signal for
adapting the assistance operation of the eyeglass device
to display of the frame image and to periodic variation of
the environmental factor based on the first frequency
information and the second frequency information; and

(vi) a transmitter configured to transmit the reference sig-
nal;
wherein the transmitter transmits the reference signal at

a transmission period which is longer than a display
period of the frame image and which is longer than a
blinking period of an illumination light source con-
figured to illuminate a space where the video is
viewed,

wherein the transmission period is a least common mul-
tiple of the display period of the frame image and the
blinking period of the illumination light source,

wherein the eyeglass device includes:

a receiver configured to receive the reference signal; and

an optical filter portion configured to perform the assis-
tance operation adapted to the display of the frame
image and the periodic variation of the environmental
factor in response to the reference signal.

13. The video system according to claim 12, wherein

the second frequency information includes information
relating to a blinking frequency of the illumination light
source,

the generator generates a control signal which causes the
eyeglass device to perform the assistance operation so
that a viewer viewing the video perceives reduced
brightness variation of the illumination light source,

the receiver receives the control signal,

the optical filter portion increases or decreases a transmis-
sion light amount to an eye of the viewer in response to
the reference signal and the control signal, and

the display portion adjusts a brightness of the video so as to
reduce variation in a light amount from the video which
is transmitted through the optical filter portion.

#* #* #* #* #*



